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I. REAL PARTY IN INTEREST 



The real party in interest is the Research Development 
Foundation, the Assignee, as evidenced by an Assignment recorded 
in the Patent and Trademark Office at Reel 012024, Frame 0723 on 
July 24, 2001. 

II. RELATED APPEALS AND INTERFERENCES 

Appellant is aware of no other appeals or interferences 
which will directly affect or be directly affected by or have a bearing 
on the Board's decision in the pending appeal. 

III. STATUS OF THE CLAIMS 

Originally claims 1-17 were filed with this Application 
and subject to restriction. In response to the Restriction 
Requirement, claims 8-15 were elected and claims i-7 and 16-17 
were withdrawn from consideration, but not canceled. In response 
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to an Office Action mailed December 27, 1999, Applicant amended 
claims 8 and 12. Therefore, claims 8-15 are pending of which claim 
8 is an independent claim. 



IV. STATUS OF AMENDMENTS 

Subsequent to an Office Action mailed December 27, 
1999, Applicants submitted a Response which amended claims 8 and 
12. No further claim amendments have been submitted up to and 
including the mailing of a Final Rejection on July 5, 2002 for which 
Final Rejection a Notice of Appeal was filed. All pending claims are 
shown in Appendix A. 

V. SUMMARY OF THE INVENTION 

The present invention is directed to a method of treating 
a neoplastic cell via administration to the cell of an effective dose of 
a conjugate of a protein with binding specificity for an antigen 
domain of CD33 and a recombinant gelonin or a functionally active 
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recombinant gelonin fragment (page 4, 11. 6-15). Preferably, such 
neoplastic cells are acute and chronic myeloid leukemias and 
lymphoid leukemias (pg. 3, 11. 23). The neoplastic cell may be located 
in vitro (pg. 31, Ex. 10), in vivo (pg. 37, Ex. 14) or in bone marrow 
(pg. 35, Ex. 13). The neoplastic cell may be in a human host or in a 
non-human host. (pg. 18, 11. 10-11). The composition when used in 
the treatment method retards the rate of growth of the neoplastic 
cell. Further, if the neoplastic cell is in a host, the growth of the 
neoplastic cell in the host is inhibited and the survival time of the 
host is extended, (pg. 37, 11. 20-21) 

Specifically, the present invention is useful because it 
provides a method of treating a neoplastic cell with a composition 
that overcomes the problems associated with immunotoxins at the 
time of the instant invention. The composition ^ functions as an 
immunotoxin to selectively kill tumor cells characterized by the 
expression of the CD33 antigenic protein such as acute non-lymphoid 
leukemic cells and acute myelogenous leukemic cells while. Thus, 
the immunotoxin i) has suitable tumor-specific targets that are not 
found on vital non-tumoral cells; ii) does not lose toxin potency or 
mAb activity after conjugation; iii) does, not cause unwanted 
cytotoxicity to nontarget . cells and tissues resulting from nonspecific 
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internalization of the immunotoxin; iv) induce an immunogenic 
response; and v) has the pharmacological ability to target tumor sites 
adequately (pg. 3, 11. 13-20). 



VI. ISSUES 

35 U.S.C. $103 rejections 

Whether claims 8-15 are obvious under 35 U.S.C. §103 
over Tanimoto et al. {Leukemia, vol. 3, p. 339 (1989)) or 
Scheinberg {Leukemia, vol. 3, p. 440 (1989)) or Scheinberg (U.S. 
5,730,982) in view of Thorpe et al. {Immunological Reviews, Vol. 
62, p. 119 (1982)) and Andrews et al. {Blood, Vol. 62, p. 124 (1983) 
and Rosenblum et al. (U.S. 5,631,348). 

VII. GROUPING OF CLAIMS 

The rejected claims stand or fall together. 



VIII. ARGUMENTS 



Rejection Under 35 U.S.C. §103 

In the Final Action mailed July 5, 2002 in response to a 
Request for Continued Examination filed May 15, 2002, the Examiner 
maintained the rejection of pending claims 8-15 (for substantially 
the same reasons of record in paper no. 7, mailed December 27, 
1999) as being obvious over the prior art cited under 35 U.S.C. §103 
in Section VI Issues supra. Applicants vigorously traverse this 
rejection. 

In the Office Action mailed December 27, 1999 and in 
subsequent actions, the Examiner maintained that the prior art 
provided sufficient motivation to construct Applicant's antibody 
conjugates. The Examiner stated that Tanimoto et aL, Scheinberg 
et aL (Leukemia) and Scheinberg (U.S. 5,730,982) each teach the 
monoclonal antibody M195 specific to CD33 protein. Furthermore, 
the Examiner indicated Tanimoto et aL (pg. 347) and Scheinberg et 
aL (pg. 444) teach the potential of using M195 as a therapeutic agent 
as a carrier of toxins or alpha-emitting isotopes for the treatment of 
acute non-lymphocytic leukemia. With regard to Scheinberg, the 
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Examiner states that the reference teaches the use of M195 in a 
conjugate with a cytotoxic agent which can be a toxin to treat acute 
or chronic leukemia (col. 6, 11. 9-13, 17-29). 

Additionally, Thorpe et al. teach conjugation of 
antibodies to toxic moieties including gelonin for effective cell killing 
which would have potential in therapeutic applications (pg. 147- 
150). Andrews et al. teach that monoclonal antibodies reactive with 
CD33 may be useful for the treatment of leukemia for in vivo or in 
vitro use. Finally, Rosenblum et al. shows that gelonin can be made 
recombinantly and active fragments can be isolated. 

As such, the Examiner contends that the motivation to 
combine these references to use the antibody conjugates to treat 
neoplastic cells in vitro or in vivo comes from the primary references 
Tanimoto et al, Scheinberg et aL and Scheinberg (pg. 347, pg. 
444, col. 6, respectively) which 

"...clearly suggest the use of conjugates of M195 and toxin 
to treat leukemia. The use of gelonin as the toxin would 
have be obvious in view of Thorpe et al, who shows that 
;: gelonin is very effective for killing cells. The use of 

recombinant gelonin or active fragments within the 
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purview of one skilled in the art especially in view of 
Rosenblum et al" (pg. 6 and pg. 8 of paper no. 7) 

Applicant does not dispute that an M195 monoclonal 
antibody specific for CD33 protein was known in the art nor that 
construction of monoclonal antibodies conjugated to gelonin was 
known in the art at the *■ time of the instant invention. However, 
Applicants strongly dispute the Examiner's contention that a person 
with ordinary skill in this art would have been motivated to treat 
neoplastic cells with an antibody conjugate comprising a mAb 
specific for CD33 and either recombinant gelonin or active 
recombinant fragments because of a clear suggestion (Applicant's 
emphasis) in the primary references that such a construct is useful 
for treatment of leukemia. On page 347 of Leukemia, Vol. 3, No. 5 
(1989) Tanimoto et al state 

"M195 may be used in this application, but its 
demonstrated lack of cytotoxicity in the presence of 
human complement or PBMC in vitro might require that 
the mAb carry a cytotoxic isotope or toxin to be effective. 
Since the antigen and antibody are rapidly internalized, 
this therapeutic modality may be feasible and 
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investigations of this application are underway." 

(Applicant's emphasis). 

Also, on page 444 of Leukemia, Vol. 3, No. 5 (1989) Scheinberg et 
aL state: 

"The M195 antigen is not expressed on adult human 
tissues. Therefore, in addition to its use as a diagnostic 
marker of ANLL and as a purging agent, M 1 95 can 
potentially be used as a therapeutic agent in vivo. Since 
the antibody does not have in vitro cytotoxic effects 
alsone or in the presence of human serum as a 
complement source, it is not likely to cause lysis of ANLL 
cells. However, upon binding of mAb M195, the antibody 
is rapidly internalized (to be published elsewhere), and 
thus the application of mAb M195 as a carrier of 
toxins or alpha-emitting isotopes to ANLL cells in 
vivo may be feasible." (Applicant's emphasis) 

Applicant strongly contends that neither of these 
-Statements is a clear suggestion that conjugates of M195 and toxin 
are used to treat leukemia. These are merely statements of intent to 
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investigate the possibility with no suggestion that such attempts will 
be successful. Although citing Andrews et al. as disclosing that 
monoclonal antibodies reactive with CD33 may be useful for the in 
vivo or in vitro treatment of leukemia, the Examiner does not include 
this reference when discussing the motivation to combine the prior 
art. However, Andrews et al. also state that 

Monoclonal antibodies reactive with differentiation 
antigens expressed by normal and malignant myeloid 
cells may be useful for treatment of nonlymphocytic 
leukemias, either for in vitro deletion of malignant cells 
from bone marrow in autologous bone marrow 
transplantation or for in vivo use as adjuvant therapy 
when tumor burden is at a minimum. The extent to 
which such antibodies are capable of distinguishing 
between leukemic cells and normal stem cells required 
for reconstitution of the bone marrow will determine 
their utility for purposes of therapy in ANL, and thus, 
at present, their usefulness remains an open 
question. (Applicant's emphasis) 
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Again, this is a suggestion that one needs to determine if the mAb's 
even have therapeutic efficacy and not a suggestion to use them as 
such. 

The investigations to which Tanimoto et al. refer on 
page 347 are disclosed in Scheinberg (U.S. 5,730,982) together with 
the teachings in Scheinberg et al. including the internalization of 
M195 data indicated to be published elsewhere on page 444. Despite 
the disclosure in Scheinberg to a therapeutic agent for treatment of 
chronic or acute leukemia comprising M195 and a cytotoxic agent 
(col. 6, 11. 9-12) such as a radioisotope or a polypeptide such as a 
toxin or a drug or claim 1 drawn to M195 conjugated to a 
polypeptide toxin and claims 12 and 13 drawn to such therapeutic 
agents or methods of treatment using said therapeutic agent, 
Scheinberg teaches only a radioisotope conjugated to M195. Not a 
single teaching or enabling disclosure nor even an identified toxin 
other than a radioisotope is found in Scheinberg for any Ml 95 
antibody conjugate other than a radionuclide conjugate. 

The Examiner states that Scheinberg teaches that the 
cytotoxic agent can be a toxin such as a radioisotope or a polypeptide 
such as a toxin or a drug (col. 6, 11. 9-13). However, the polypeptide 
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comprising a toxin or a drug is part of a fusion protein with the 
recombinant polypeptide comprising that part of M195 substantially 
the same as its hypervariable region. Thus, Applicants submit that 
Scheinberg teaches a radiolabeled M195 antibody or an Ml 95- 
radioisotope conjugate and the use of said in treating leukemia. This 
does not provide motivation to one of ordinary skill in the art to 
combine this teaching with the other references cited supra to arrive 
at a method of treating a neoplastic cell with a CD33-specific mAb- 
recombinant gelonin conjugate. 

Strengthening this argument is the teaching in Thorpe et 
al. of conjugating native gelonin to an anti-Thy, A monoclonal 
antibody with SPDP. Thorpe et al. state that about 90% of the 
gelonin in the conjugates lost activity after reduction in comparison 
to native gelonin, even though the conjugate possessed cytotoxic 
effects. Conjugation of gelonin using a linker which is not susceptible 
to cleavage by reduction yielded conjugates of four molecular weight 
ranges in which the gelonin only retained 3-4% of the capacity of 
native gelonin to inhibit protein synthesis. The four conjugates were 
also 20 times less potent than those conjugated via SPDP against 
Thy, ,-expressing AKR cells (pg. 147-149). 
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Therefore, although Thorpe et al. demonstrated that an 
anti-Thy, ! monoclonal antibody conjugate of gelonin does possess 
cytotoxic activity against AKR lymphoma cells or T-lymphoblasts, 
cytotoxicity appears to be dependent on, at least, the manner of 
conjugating the gelonin to the antibody. The retention of some 
cytotoxic activity does not preclude the possibility that some linkages 
will completely inactivate the gelonin. Thorpe et al. do not teach 
any other cell-specific monoclonal antibody-gelonin conjugates nor 
suggest that any others would be effective therapeutic agents, but 
rather suggest that: 

"In view of the variation in effectiveness of conjugates 
prepared by different methods there is much scope for 
examining further the influence of the linkage upon the 
stability and cytotoxic performance of the conjugate. (pg. 
152, last sentence) 

Further, the instant invention is drawn to using a 
recombinant gelonin or active recombinant fragment in the antibody 
conjugate. Thorpe et al. chose gelonin because of its potency in 
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native form, yet conjugating the toxin to an antibody appeared to 
significantly affect activity of the conjugated gelonin. Rosenblum et 
aL cite, inter alia, Thorpe et aL and corroborate these difficulties 
encountered by Thorpe et aL and others in using gelonin stating that 
chemical modification of gelonin and cellular targeting moieties can 
reduce targeting efficiency and cytotoxic potential of gelonin itself 
(col. 2, 11. 15-34, 57-63). Rosenblum et aL further state that the 
ability to produce synthetic gelonin toxin through recombinant 
technology provides a reproducible source of the toxin (col. 2, 11. 65- 
67). 

The Examiner states that Rosenblum et aL show that 
gelonin can be made recombinantly and active fragments can be 
isolated. Rosenblum et aL teach a substantially pure gelonin having 
a specific amino acid sequence and a degenerate DNA sequence. As 
recombinant technology is known and standard, Rosenblum et al. 
only suggest basic ways in which to produce recombinant gelonin 
molecules. The degenerate DNA sequence was determined from the 
amino acid sequence of gelonin isolated and purified from Gelonium 
mult if lo rum, however, the actual nucleotide sequence of the isolated 



1 5 



protein had not been determined, no cDNA was cloned and thus, no 
recombinant gelonin produced. 

As a recombinant gelonin or recombinant fragment 
thereof is a synthetic biomolecule and may not appear in nature, one 
can not necessarily predict how it will function absent some prior 
knowledge correlating structure to function. Rosenblum et aL 
suggest that the native gelonin protein be compared to similar 
proteins to form active recombinant molecules. Yet this is only a 
motivation to try various manipulations and not a suggestion or 
teaching that such manipulation would be successful and would not 
require undue experimentation. Furthermore, even if an active 
recombinant gelonin is produced, one of ordinary skill in the art at 
the time of the invention, in light of the problems with chemically 
modifying gelonin as disclosed in Thorpe et aL and Rosenblum et 
aL, would not be sure that the recombinant gelonin would be active 
either before or after linking to an antibody. 

Thus Applicant submits that one of ordinary skill in the 
art would not be motivated to combine the primary references of 
Tanimoto et aL, Scheinberg et aL or Scheinberg with Andrev/s 
et aL, Thorpe et aL and Rosenblum et aL Even if, arguendo, these 
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references taught all the elements of the instant invention, one of 
ordinary skill in the art at best only would be motivated to try 
various M195 monoclonal antibody-recombinant gelonin or Ml 95 
monoclonal antibody-recombinant gelonin fragment conjugates to 
treat an acute or chronic leukemic cell. However, "obvious to try" is 
not the standard of 35 U.S.C. §103. Additionally, no suggestion is 
found of a reasonable expectation of success particularly in that the 
primary references disclose that no attempt has yet been made to 
examine either a therapeutic construct or a therapeutic treatment 
using an M195-toxin construct. 

Respectfully, Applicant submits that the Examiner can not 
use hindsight to state that one of ordinary skill in the art, in light of 
the broad statements in the prior art directed to things that should 
be done in order to further the art, would glean a suggestion to or be 
motivated to treat a neoplastic cell with Applicant's CD33-specific 
monoclonal-antibody conjugate. Thus, it was improper to combine 
the references. The Patent and Trademark Office has a burden to 
establish a prima facie case of obviousness under 35 U.S.C §103. 
Since the combination of cited references does not teach the instant 
invention as recited in amended independent claim 8, Applicants 
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assert that the PTO has failed to provide a prima facie case of 
obviousness. For the reasons given above, Applicants respectfully 
urge that the decision of the Examiner should be reversed and that 
claims 8-15 be allowed. 



ADLER & ASSOCIATES 
8011 Candle Lane 
Houston, Texas 77071 
(713) 270-5391 (tel.) 
(713) 270-5361 (facs.) 
badlerl ©houston. rr.com 



Respectfully submitted, 





Benjamin Aaron Adler, Ph. D., J.D. 
Registration No. 35,423 
Counsel for Applicants 



CLAIMS ON APPEAL 

8. (amended) A method of treating a neoplastic cell 
comprising administering to said cell a therapeutically effective dose 
of a composition comprising a conjugate of a protein exhibiting 
binding specificity for an antigen domain of CD33 protein and a 
gelonin toxin selected from the group consisting of recombinant 
gelonin and functionally active recombinant gelonin fragments. 

9. The method of claim 8, wherein said cell is selected 
from the group consisting of acute and chronic myeloid leukemias, 
acute and chronic myelodysplastic syndromes, refractory anemias, 
lymphoid leukemias and undifferentiated leukemias. 

10. The method of claim 8, wherein said composition 
retards the rate of growth of said cells. 

1 1 . The method of claim 8, wherein said neoplastic cell 
is in a human or non-human. 
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12. (amended) The method of claim 8, wherein said 
composition inhibits the growth of said neoplastic cell in a host. 



13. The method of claim 8, wherein said composition 
extends the survival time of a host of said neoplastic cell. 

14. The method of claim 8, wherein said neoplastic cell 

is in vitro. 

15. The method of claim 8, wherein said neoplastic cell 
is in bone marrow. 
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.,^ V - Jr , ...... . . P^^"^?^^. 

■pttWWS^S^I^^ Ce » Surface Antigen Defined by^% 

fesil^. • ^. - • ' ' : Monoclonal Antibody M195 



^e^^^ vid^^cheinberg, Carlos Cordon-Cardo, Dia^a Huie, Bayard D. Clarkson. a^LloydTSid ^ 



Laboratories of Human Cancer Immunology, Hematopoietic Kinetic* nnH m^u^.i i , 

Memorial Sloan-Ke.^ng C^Q^^SyXS^. '"P 3 * 0 ' 0 ^ 



. A mouse monoclonal lgG2a antibody, M195, with reactivity re- 
•v .stricted to early myeloid cells, acute non-lymphold leukemia 
^^ (^^^••gioiKkjjrllc cells is described. The antibody 
, was derived from a mouse Immunized with live human leukemic 
mye!oblasts.,Speciflclty of binding of mAb M195 was deter- 
mined by proteln-A red blood cell resetting assays, immunoab- 
sorptlon, radioimmunoassays with lodlne-125 labeled M195 IgG 
m an .d F(Ab)'2, and complement cytotoxicity with live human cells 
^^■^^.OnMinmMiM^'ii broad range of lineages and tls- 
^^^Simmf^9n was restricted to myeloid and mon- 
^m^Pleutein^jcelP lines and a fraction of mature adherent 
'M mo ™?«y^Matare myeloid cells, T and B cells, erythrocytes, 
■mP? P^JS^fc** negative. The antigen was not expressed on 
'Mm* du ^5JSU t, ?? ues ,n Immunoperoxldase and Immunoflu- 

•5i^S^K^ k,n9 ant,gen was not tound In the serum 
«^?§3*if» Ten thousand sites' per cell were ex- 
'%gm&$^JQ^.° r monocytic leukemia cell lines and 5000 
^^ l»I?«!:«>™«™ monocytes. M195 IgG bound to its an- 
^9en target wHh Ian avidrty of 3 x 10» liters/mol and induced 
t ^,? ,d -f^"5 t,on oftheantlgen. Ml 95 IgG was able to effectively 
Ht0 n , ^- Wjm.rabbit or guinea pig complement, but not human 
/complement The antibody did not mediate antibody dependent 
cellular cytotoxicity. The molecular nature of the targetVntlgen 
^remains unknown but it appears to be carried on the CD33 pro- 
A|n p67. Because of its restricted distribution on myelomono- 
«puc cells,, mAb M195 may be useful In studying myeloid 
^OMferentlatlon, in the clinical diagnosis of ANLL, In purging of 
--. :: tone marrow of ANLL, and/or In monoclonal antibody therapy 

In VIVO. :<*n\ , " 

' : INTRODUCTION 

. , ANTIGENS displayed on the surface of acute non- 

-^lymphocytic leukemia (ANLL) cells and hematopoietic 
^rp^ejulQLfiells 8te_J?eing.rnapped in a number of laboratories 
^l^ g i?° n0C ' 0naI antibodies (>»Abs) (1). These studies have 
been directed at identifying antigens that are useful in distin- 
guishing lymphoid from nonlymphoid leukemias (2-4) insub- 
. typing ^of acute myelogenous leukemia, and in predicting outcome 
(5 T 10) and in therapy in vivo (1 1) or via bone marrow purging 
ex vivo (12). Antigens defining ANLL ceils also identify nor- 
mal hematopoietic cells during early stages of their develop- 
ment and thus should be classified as differentiation antigens 
rather than leukemia specific antigens. 

Antigens restricted to the earliest stages of hematopoietic 
development are of particular interest since ANLL is thought 
to be derived from these cells (13-16). mAbs identifying these 
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early cells can help in their purification or the study of growth 
regulation and control of differentiation (17). Such early pro- 
genitors may be useful for autologous reinfusion in bone mar- 
row rescue (18). Studies of bone marrow from patients with 
ANLL have shown that the clonogenic cells are probably de- 
rived from a subset of cells which are phenotypically more 
immaturcthanthemajorityofcellsincirculation(14 15) This 
suggests that analysis of the development of leukemia cells, as 
we l as therapeutic trials, should also be directed at these early 
cells and not simply the phenotypically predominant cells in 
the marrow and peripheral blood. , 

Several mAbs restricted to hematopoietic progenitors have 
been described: monoclonal antibodies MY 10, 3C5, and 12 8 
recognize a 115-kDa glycoprotein (gp!15 [CD341) found o« 
normal colony forming cells, myeloblasts, and leukemic blasts 
from most patients with ANLL and acute lymphoid leukemias 
(19-21). mAb NHL-30.5 identifies a 180-kDa protein found 
on a similar distribution of cells (22, 23). My9 and L4F3 
antibodies identify a 67-kDa glycoprotein (CD33) (24-27) whid; 
is expressed on slightly more mature progenitors (subsets of 
CFU-GEMM and some older cells) and is restricted to leuke- 
mias of the myeloid and monocytic lineage. Long-term culture 
studies suggest that elimination of cells bearing the CD33 an- 
tigen will still allow regrowth of normal marrow cells of all 
lineages, presumably because of the presence of more immature 
antigen negative progenitors (25). Sabbath et al. (15) show that 
the CD33 antigen is expressed on leukemic colony-forming 
cells whereas other more mature markers,, are less commonly 
expressed. Finally, studies with ANLL marrow suggest it may 
be possible to purge leukemia cells from the bone marrow of 
many patients with ANLL using complement fixing antibodies 
to CD33 without destroying, the ultimate normal progenitors 
(24). Several other antibodies with a less restricted di.-trih!i. ;r.i. 
have also been described (14, 28, 29). In this and in an ac- 
companying paper (30) we describe a new mouse monoclonal 
antibody, M195, which defines an antigen restricted to early 
myeloid cells, monocytic cells, and ANLL. The antigen ap- 
pears to be carried on the_CD33 protein. The antigen is not 
detectable on any other adult Tissues and thus may be useful 
in the study of myelomonocytic differentiation and in the di- 
agnosis and therapy of ANLL. This paper describes the dis- 
tribution of the antigen on cell lines, normal tissues, and mature 
hematopoietic cells. The antibody's biological activity, affin- 
ity, and quantitative distribution on individual cells are pre- 
sented. In the accompanying paper (30) we describe the 
distribution of the antigen on fresh leukemias and bone marrow 
progenitors and discuss its use as a diagnostic marker and its 
relationship to the CD33 antigen system. 

MATERIALS AND METHODS 
mAbs. mAb M195 was produced from hybridomas resulting from 
a fusion of SP2/0-Agl4 mouse myeloma cells and the spleen cells of 
a 5-week-old BALB/c mouse immunized with leukemia ceils from a 
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^Sp^t Available Copy. 

^^m;ANLL\(FAB-M2). Supernatant fluids from cloned hy- 
omaxultures were screened against a panel of leukemia cell lines . 
- .l$^° ri 8 inalANLL leukemia cells using Staphylococcus aureus 
brbtein A (PA) erythrocyte resetting (see below). The repeatedly sub- 
Honed Ml 95 hybridoma was expanded in the peritoneal cavity of 
Boubly pristane-primed (C57BU6 x BALB/c) FI mice. 

MI95 was purified on PA-Sepharose (Pharmacia) by affinity chro- 
matography using sequential pH step elutions. Purity was determined 
on sodium dodecyi sulfate (SDS)-polyacrylamide gels stained with 
Coomassie brilliant blue. 

Control antibodies included mAb AJ2, reactive with a broadly ex- 
pressed cell surface antigen (VLA), produced at Sloan-Kettering (31) 
and mAb M31 (reactive with the Lewis X antigen) developed in this 
V laboratory (unpublished). . 

Screening of Hybridoma Supernatants. Four thousand cells (HL60) 
.or the original immunizing ANLL cells) in 10 p.1 of RPMI with 10% 
fetal calf serum (FCS) were allowed to settle and attach to concanavalin 
A-coated (Pharmacia) Terasaki 60-welI plates (NUNC) for 45 min at 
20°C as described (32, 33). Hybridoma supernatants were tested for 
. reactivity on these cells using PA-coated human O" red blood cell 
* ' rosettes as indicators (32). 

. .j^Cc/ir and Cell Lines. Heparinizcd peripheral blood samples and 
^ bone marrow aspirates were obtained from healthy volunteers and 
. ; patients on the Leukemia Service at Memorial Hospital after informed 
. .consent. Mononuclear cells were separated on Ficoli-Paque (Phar- 
.^macia), and adherent cells were isolated from the nonadherent mono- 
nuclear cells by plastic adherence for 2 hr at 37°C. Polymorphonuclear 
,;: f leukocytes were purified from contaminating red blood ceUs after dex- 
■ tran sedimentation at 1 x g for 60 min by ammonium chloride lysis 
in Tns buffer at pH 7.2. Platelets were separated from the Ficoli- 
Paque interface cells by differential centrirugation. E-rosette-positive 
t and negative fractions of mononuclear cells were separated after in- 
, cuba&on with neuraminidase- (Caibiochem) treated sheep red blcod 
.^cells (GIBCO), followed by Ficoli-Paque gradient centrirugation and 
^teis of red cells with ammonium chloride. 

Haematopoietic cell lines (Table 1) and nonhematopoietic cell lines 
^Table 3) were obtained from the human tumor banks of the Human 
Cancer Immunology laboratory at Sloan-Kettering Institute. 1F10 and 
1FI0 (mono), an HL60 subclone and its monocytic differentiated form 
were the gift of Dr. Y. Cayre, Sloan-Kettering Institute (34). 

Serologic Assays: Immune Rosetting. Antibody specificity was de- 
termined on adherent cell lines plated in 60 well Terasaki plates using 
Staphylococcus aureus PA or rabbit antimouse Ig-coated human O red 
blood cells prepared as described (32) as indicators. Suspension target 
-cells were assayed using the same indicator cells except that the target 

■ ^-cells-were attached to Terasaki plates immediately before testing using 

^Concanavalin A (33), This assay is sensitive to concentrations of mAb 
M195 of about lng/ml binding to HL60. Cells were considered neg- 
ative if no rosettes formed below an ascites dilution of 200 and ab- 
sorption analyses were also negative. Ascites fluids were considered 
"weakly positive" on a ceil line if greater than 50% of cells formed 
rosettes at dilutions between 200 and 100,000. "Weakly positive- 
cells were confirmed as reactive by absorption analysis (see below). 
Ascites from mice bearing hybridomas were considered positive with 
?^ e !lli ne ' f roscttin 8 of cells occurred at a dilution of greater than 
100,000. If purified antibody was used, cells lines were scored "pos- 
itive" for rosetting at concentrations below 50 ng/ml and "weakly 
positive" at concentrations of 50-500 ng/ml. Reactivity was also con- 
firmed by direct radioimmunoassay and by complement fixation assays 
(see below). 3 

Absorption Analysis. Two to ten million cells were washed in PBS 
and pelleted at 500 x g in a 5 x 50 mm glass tube and allowed to 
react with an equal volume of ascites diluted to a concentration four 
times that needed to form 50% rosettes on positive cells: HL60 cells 

, m I f Z ln,Zing ANLL cells - (This was l yP ical »y a d 'l"t'on of ascites 
^MW.000-200,000.) The absorption proceeded for 30 min at 4°C, 
^^the mixture was again pelleted at 500 x g. The supcrnaiant was 
reacted with target cell lines in resetting assays as described above. 

340 



Antibody-dependent Cellular Cytotoxicity (ADCC), Assays to de- 
termine if M195 was capable of mediating ADCC were conducted 
essentially as described by Welt et al. (35). Target ceils were incubated 
m Cr for 90 min and then washed of free 5, Cr. M195 antibody was 
added at concentrations of 1-100 u-g/ml on ice, and fresh peripheral 
blood mononuclear cells were added at effector to target ratios of 10- 
40/1. Cells were incubated at 37°C for 6-18 hr and harvested using 
a Skatron cell harvester, and released 3, Cr was counted in a Packard 
gamma counter. Detergent lysed cells were used as a 100% control, 
and isotype matched irrelevant antibody treated cells were used as a 
negative control. 

Radioiodination and Radioimmunoassays. Purified antibodies were 
labeled with Na- l25 I (New England Nuclear) using chloramine-T to 
start and sodium metabisuifite to stop the reaction. Specific activity 
was between 2 and 10 u.Ci/jig of protein. Immunoreactivity was be- 
tween 40 and 60% as determined by serial binding to an excess of live 
HL60 cells. Radioimmunoassays were conducted on 5 x 10 5 live cells 
in 100 fi.1 RPMI with 10% FCS and preincubated 15 min with 2% 
heat inactivated normal rabbit scrum to block nonspecific binding 
Binding proceeded at 4°C for 90 min followed by three washes with 
RPMI/FCS. Bound radioactivity was measured in the cell pellets in a 
Packard gamma counter. 

Preparation of F(ab)'2 Fragments. One mg of purified immuno- 
globulin was reacted at 37°C for 6 hr with immobilized pepsin beads' 
(Pierce Chemicals) in acetate buffer at pH 4.5. The rr>2ctin n was 
stopped by adjusting the pH to 8.S sad sedimentiug uie pepsin beads 
at 15,000 X g for l^min. Undigested immunoglobulins and Fc frag- 
ments were removed by reaction with Protein A Sepharose (Phar- 
macia). Purity of fragments was determined by SDS-polyacrylamide 
gel fractionation followed by Coomassie blue staining. 

Competition Radioimmunoassay for Blocking Antigen in 
Serum. Serum from patients with hematopoietic neoplasms was ob- 
tained from fresh clotted blood and stored at -70°C until use. The 
presence of blocking M195 antigen in sera was assayed by incubating 
50 nl of freshly thawed serum with a dilution of I25 T-labeled mAb 
M195 IgG for 20 min at 4°C. M195 IgG was at a concentration 
sufficient for 50% maximal binding to 5 x 10 3 HL60 target cells. 
The cells were then added and the incubation continued for 60 min at 
4°C followed by two washes with RPMI medium. Inhibition of M195 
IgG binding was scored as the percent decrease in binding to HL60 
as compared to mAb M195 incubated in the presence of 2% bovine 
serum albumin (BSA) in PBS and no competing sera. 

Complement-mediated Cytotoxicity. Twenty-five \iA of target cells 
at 2 x 10 6 cells/ml were mixed with 25 jil of complement and 25 \ii 
monoclonal antibody at 4°C. The mixture was then incubated at 37°C 
with occasional shaking for 45 min. Live and dead cells were enum- 
erated using trypan Ufo* exclusion 2S *n indicator. 

Guinea pig serunv and baby rabbit serum were purchased from 
PelFreeze; human sera were obtained from volunteers. All complement 
sources were stored at -70°C until use and not reused. Complement 
was used at the maximum concentrations not showing nonspecific lysis 
of the target cells: generally at 1:6-8 final dilution. 

Indirect Immunoperoxidase and Immunofluorescence As- 
says. Histologically normal adult human tissues were obtained from 
surgical pathology specimens within 1-2 hr of resection. Several nor- 
mal specimens of organs from several cases were used. Tissues were 
embedded in OCT compound after freezing in isopenthane/Iiquid N 2 . 
Tissues were cut 4-8 *im thick, fixed in acetone, quenched with 0.1% 
H 2 0 2( and blocked with either goat or horse sera. MAb Ml 95 was 
used as supernatant, ascites, or purified IgG at 20 jig/ml. Positive and 
negative Ig controls were included in ail studies. Goat anti-mouse IgG 
pcrox.dasc conjugates ( 1 :50 dilution) (Tago. Burlingame, CA) or bio- 
unylated horse anti-mouse IgG with Avidin-biotin peroxidase com- 
plexes (Vector Laboratories, Burlingame, CA) were used as secondary 
reagents. Diaminobcnzidine was used as a chromogen. For fluores- 
cence studies, goat anti-mouse Ig fluorescein isothiocyanate conjugates 
(Becton-Dickcnson) were used as secondary reagents 
Modulation of Cell Surface Antigen. Modulation of the cell surface 
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np^^^ B0st Ayailable 

^ J^by.inAbM195 after antibody binding was monitored 
c|mpicmcnt mediated cytotoxicity (36). HL60 ceils were incubated 
h^arious concentrations of Ml 95 IgG for up to 3 hr at 37°C. 
Jitiorial antibody and rabbit complement were added at several time 
nts^nd the amount of cell lysis was determined 45 min later. 
Yi^^tiation ofHL60. A cloned variant of HL60, IF10 (34), and 
d^^iated monocytic variant (incubation with vitamin D 3 and 
>rbal myristate acetate for 3 days to promote monocytic maturation) 
e used (34). Both cell lines were kindly provided by Dr. Y. Cayre. 

RESULTS 

distribution of M 195 Antigen on Hematopoietic Cell 
es. mAb M195 was selected for detailed study from a group 
several hundred hybridoma-produced antibodies generated 
m the fusion of a spleen from a mouse immunized with fresh 
: ANLL cells (FAB classification, M2). The antibody showed 
cific high titer binding in PA-rosette assays to the myeloid 
i monocytic cell lines, HL60, KG L, IF10, U937, and the 
nocytic variant of IF 10 (Table 1). mAb M195 was weakly 
;tive with the erythroleukernic line K562 and not reactive 
a KG la, an undifferentiated myeloid line. mAb M195 did 
react with 18 lines of B cell origin at various stages of 
erentiation nor with 10 lines of T cell derivation. One null 
iphocytic line, N-ALL-1, was weakly reactive. Activated 
ells and activated T celis did not express antigen. Non- 
:tive cell lines were confirmed as negative by absorption 
t ys which can detect about 1 ng of M 1 95 binding in 1 ,000,000 
5; resetting assays detect binding at antibody concentrations 
bout 1 hg/ml. mAb AJ2 was used as a positive control in 
e assays where most cells were Ml 95 antigen negative. 
> panel of cell lines showed that among hematopoietic cells 
)5 was restricted to the nonlymphoid lineages: it was most 
ll M^rfss^ on committed myeloid and monocytic cell 



Copy y, 

Quantitative Analysis of Binding to Myeloia i Lines An 
order to confirm the results of resetting assays and absorption 
assays and to look at quantitative differences in the expression 
of the M195 antigen among the myeloid and monocytic cells, 
a sensitive radioimmunoassay using direct binding of ,25 I-' 
labeled purified Ml 95 was used. Many of the hematopoietic 
cells have Fc receptors in addition to or instead of target antigen 
on their surfaces, and binding of radiolabeled IgG to these Fc 
receptors may confound the quantitative results of the radioim- 
munoassay. Therefore an F(ab)'2 fragment of M195 was pre- 
pared and used in the assays to confirm the number of antigenic 
sites. 

Binding of M195 IgG to HL60 showed saturation and spec- 
ificity (Fig. la). Scatchard analysis showed an avidity of bind- 
ing of 3 x 10 9 liters/mol (Fig. lb) for the IgG. The number 
of binding sites calculated from this curve was approximately 
10,000 per live HL60 cell. Scatchard analysis of several lots 
of Ml 95 IgG on different passages of HL60 gave equivalent 
results. Analysis of purified F(ab)'2 of M195 (Fig. Ic) showed 
similar avidity (10 9 liters/mol) cells and numbers of binding 
sites (10,000/HL60 cell), suggesting that binding activity was 
not significantly altered by protease digestion of the fragment. • 

Both the intact IgG and the F(ab)'2 fragment were used for 
radioimmunoassays on hematopoietic cell lines (Fig. 2). Non- 
specific binding (binding of 125 I-M195 in the presence of excess - 
unlabeled M195) under the conditions of this assav was ap- 7 -* 
proximately 200 pg (1600 molecules) per 5 x 10 3 cells. There- 
fore, only binding above this level was considered significant 
Since the assay was done under saturating concentrations of 
M195 IgG or F(ab)'2, the total binding could be used to cal- 
culate the number of sites per cell. HL60, 1F10, and U937 had 
6000-12,000 sites per cell. KG1 had about 3000 sites per cell. 
Binding to KGla and K562 was not above the background of 
nbnspec^ HtesJfJ aiitfthe nohm^eloid cell lirfes - 

were negative. The assays confirmed the specificity of M195 r 




Table 1. Reactivity of Ml 95 with Hematopoietic Cell Lines- 



Cell 



.Myeloid 
t K562, HL60 
^KG-VKGIa, . _ 

1F10 V. . 

I Monocytic • 

U937, 1F10(mono) 

THP-1 
Pre-B celts 

NALL-1, NALM-1 

NALM-6, NALM-1 6 
B cells 

SKLy-16,-18, Daudi, 

ARA-10, SK DHL-2,Raji 

CCRF-SB, LlCR/My-2 
. BALL-1 
Myelomas 

Oda, U266. RPMI 8266 

RCS, HAS, Brown 
EBV-transformed B cells 

(n - 15) 

T cells 
T-45, CCRF-CEM, Molt-4 
TALL-1, MT-1, HUT-102 
RPMI 6402, CCRF-HSB2 
p12/lchikawa, HPB-ALL 
PHA blasts 
(n - 5) 
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fe; CI = weakly positive; O - negative. ~ 
med by direct Protein A and mixed heme-adherence rossetting and absorption assays as described in the text. 
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M * B. Sctch,* p,o, C 'm 1 95 K^^S 2 

forthese myeloid and monocytic cells and showed that binding 
Anot Fc receptor related. The three cell lines positive by 
^PRmg and absorption had similar quantities of M195 antigen 

was" Fr V H N0 T l Hemat0 P™'* Cells. M195 

was tested by absorption analysis for reactivity with live pe- 




M195 F(Ab)'2 binding. W " dln8 * M19S ,flG *° HLM 

ripheral blood elements and cells derived from the maior he 
control. No reactmty was seen with M195 on any of thS cell 

Cefu Q S^Z AnalySh °f Bindi "S " hematopoietic 
Cells. Direct rad.oimmunoassays were performed on fresh he- 



ng bound 

per 
500,000 

cells 




■ t1l95lgB 
BlU93Fto)2 



Cell Lines 



RAJI 



H 1 
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B-enriched PBL 
Granulocytes 
Adherent monocytes 
Platelets 
Red blood cells 
Nonadherent PBMC 
Splenic T enriched 
Splenic B enriched 
Splenic mononuclear 
Bone marrow mononuclear 
Lymph node mononuclear 

Fetal thymocytes 

"Conducted as described in the text 

"ND^ n ^ ralbl00d,ymph0Cy,es:PBMC - Periphera. blood mononudear cells. 
"Nonadherent cells. 



ND 

ND 
ND 



ND 



+ 

ND* 
ND 



™S •££ cc ? inn 1 ***** **« « uantitate Ending 

cells, and penpheral blood mononuclear cells were negative 

KT??^ leUk0CyteS show <^ binding to the intac 
IgG at about 800 sites per cell above background but did not 
show significant binding to the F(Ab)'2 fragment suggesting 
that even this minimal binding was via the Fc receptor. Pe- 
nphera! blood adherent ^ii* (macrophages) were positive and 
.^binding to the F(Ab)'2 showed about 5000 antigen sites per 
cell. Boding id peripheral blood E-rosette negative cells was 
marginally above background, possibly due to the presence of 
■"^Percentage of macrophages contained in this population 
With the exception of macrophages, the direct, radioimmu- 
noassays shown here confirmed the specificity analysis by ab- 
sorption. The lack of reactivity with macrophages in the 
j^bsoiptjon assay may be due to the inability to obtain the large 

^sor&Mlg^l.tXW.tWb'macrophages with 5000 antigen sites 
per cell would absorb only about 1 ng of antibody). Lack of 
binding in these radioimmunoassays would not rule out the 
presence of some M195 positive cells within a large hetero- 
geneous population as in bone marrow, for example 

Complement-mediated Cytotoxicity Assays. Complement- 
mediated cytotoxicity was also used to confirm specificity 
— ^ys^erefirstdone to determine4f mAb M195 was capable - 
of killing cells in the presence of rabbit, guinea pig, and human 
sera as sources of complement. Enzyme-linked immunosorbent 
^ assays showed mAb Ml95 to be an IgG2a class immunoglob- 
ulin, which is generally able to fix complement. Using HL60 
as targets, M195 was capable of killing cells in the presence 
of guinea pig and rabbit complement but not human comple- 
ment. In the presence of human complement, killing rarely 
occurred and was only 10-15% above background at its high- 
est, cell lines not expressing the antigen were not killed. No 
killing occurred in the absence of antibody or a source of 
complement. 

Cytotoxicity was antibody concentration dependent and com- 
plement concentration dependent (Fig. 3). However, at con- 
centrations of 10 ftg/ml or greater of M195, nearly all cells 
were killed even with rabbit scrum diluted 30-fold. 

The complement assay was used to confirm the specificity 
analysis derived from the absorption assays and radioimmu- 
noassays (Table 2). Complement assays are not confounded by 
-ycccptor bind,n g and are able to determine percentages of 



cells within a large population which are antigen positive As- 
says were conducted at 10 and 100 (ig/ml M195 with rabbit 
, serum fluted to 1:18 final concentration. HL60 and fresh mon- 
ocytic leukemias were used as positive controls and B cell 
lineage RAJI cells and chronic lymphocytic leukemia cells were 
■ -used as negative controls. Complement and antibody alone 
i ? n ^ h w ^ * $0 incIuded - Background killing .was between 
• - ! m ? C C °. ntr0,S without antibod y or complement and 5-\ 
10% in the spleen E-rosette negative cells. Because of this 
background of several percent, it is not possible to determine 
ii positive cells are present in a sample at this level or lower 
Only one population of mature normal hematopoietic cells 
showed killing above background using M195 and rabbit com- 
plement: penpheral blood adherent cells. Among three samples 
of adherent cells, 35-50% of cells were killed, showing !hat 
a '"population o^^^ M195 antigen 

,- ; „ N ^ay;c6nfirine^fhe- IS»^ffi^r 
In chronic myelogenous leukemia (CML) mononuclear cells 
a low percent of cells (5-6%) were killed above background 
(not shown). The cells comprising the CML mononuclear cell 
population include blasts through band forms with a predom- 
inance of the more mature myeloid ceils. Morphologic analysis 
of these cells before and after antibody and complement treat- 
ment did not show which cells, if any, had been selectively 
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100 
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Dr- Yvon Ca yre . One haJS^J^^^ 1 * 
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was tested by both resetting anri rCaCt,V,ty of Ml95 
': after iifkJL^^Z^^'"^ » d 
there was a 40% loss of ™nocyt,c IF10 cells 

22 SWas's^ 

suggesting rJST toe los of J? adherent mo ^ytes, 

SS7j£ 

A^ga^^^^ 

scribed in Materials and M^T^^S^f 
expressors of fce an tigen ^ ^ « « ^ "tghest 

was tested for reactivity with 7n r *nr f ■ es - MI95 
.spectniraofcajtteS 

appear; to be restricted to hematopoSeii? ' ^ 
huS^tS^J??- ™ e .""^ity of M195 with 

(Table4). Among 25 different IZ^s ^ 
only with trophoblast. This itactivh?S reac j m ? was 
^toplasmic (Fig. 4). The* d^^ «^ 
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tn fZ TT ""I ShCd im ° SCra from "ema^tr e Us 

^^^^ 

S^^Ef 1 ^ of 111656 patients were «* s 

™ t «h2 u y "SScsti^ the blocking antigen wu 

eU, ^ dit » n ^ antigen wiih" 
block bindmg ^ "^bepresent but unable t0 

Antigenic Modulation. The ability of M19S » n 
ulauon of the antigen from the surface 0 f ^ ^! m0d ' 
studied using cm^^ Ha ^^^^ V* 




Bladder cancers 
"Breast cancers - 

Cervical cancers 

Choriocarcinomas 
Colon cancers 



Lung cancers 



Melanomas 



Neuroblastomas 
Ovarian cancers 
Pancreatic 
Renal cancers 



Uterine cancer 



Inducted as described in Table 1. 



SK-MG-1,-2,-3 
-4.-6,-7,-9 

-12,-15.17,-23 

. T-24, 253J.5637 

SK-BR-3.-5;-7 

BT-20.MCF-7 

CC-A, CC-B, HT-3 
C41 

GCC-SV(c). Lu-75(c) 

SW-403,-480,-620 
-116 -1417 

HT-29.SK-CO-10 

CaCo-2,HCT-15 

SK-LC-1,-4,-6 

-8,9,-10.-17 

Calu-1,-6,Sk-Lu-l 

SK MES-1 

SK MEL- 13,-23 -28 

■29,-37,-93 

-173,MeWo 

SK-N-MC.PNDW 

SK-OV-3.0V-2774 

ASPC-1,-2 

SK-RC-1,-2,-7 

-8,-9,-20,-28, 

-29,-45,-48 

ME 180, SK UT-1 



OOO 

OOO 

OOOO 

OOO 

OOO " 

OO 

OOO 

o 
oo 

OOO 

oo 
oo 
oo 

OOO 

OOOO 

OOO 

o 

ooo 

OOO 

oo 
oo 
oo 
oo 
ooo 

OOOO 

OOO 

OO 



AJ2 

(positive'controO 



••• 



344 



TANIMOTOETAL 




Sgsg^^i;^ ^j^y^S^Y : Best Available Copy; 



able 4. Tissue Distribution of M195* 



Fluorescence 



Peroxidase 



'Adrenal 
Bladder ■' v 
Btootlvessels 

it 

Cervix 

Colon 

Heart 

Kidney 

Liver 

Lung 

Lymph node 

Ovary 

Pancreas 

Placenta 

Prostate 

Skin 

Small intestine 

Stomach 

Testis 

Thyroid 

Trophoblast 

Ureter . . 

Uerus ' 

HL60 (positive control) 
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O = negative; • = positive staining. 
•Conducted as described in the Materials and Methods. 

M195 for 3 hr resulted in no killing. Modulation v^s incomplete 
in cells exposed flower mAb IgG concentrations. Other stud- 
ies "-(to be ^ jpublishec' elsewhere) demonstrated that the modu- 
ation occurred via antigen internalization after antibody binding. 
Biochemical Nature of the M195 Antigen. Treatment of HL60 



:ells with 10Q°C forTmin ^ .eUminated all binding activity in 




Table 5. M195 Blocking Factors In Sera of Patients with leukemia* 



Serum Source 



Number Tested 



Normal 
AML 
CML 
ALL 

NHL/CLL 

Rabbit, mouse, horse 



Number Blocking* 



6 
13 
6 
6 
6 
5 



0 
0 

1 (52%)" 

2 (56%, 67%) 
0 

0 




•A serum able to reduce by 50% or more, direct binding of 200 ng/ml ra- 
dioiodinated M 195 to HL60 target cells. 
b The percent reduction by each positive serum. 

radioimmunoassays and resetting assays. This suggested that 
the antigen epitope is carried on a protein. However, treatment 
with trypsin, protease, and neuraminidase had no effects on 
binding of mAb M 195 to HL60 cells. These experiments, there- 
fore, did not confirm the biochemical nature of the antigen. 
Repeated attempts to immunoprecipitate the antigen from 35 S- 
methionine-Iabeled cells or cells surface-labeled with iodine- 
125 using lactoperoxidase were unsuccessful. Western im- 
munoblotting on HL60 extracts were also negative. Although 
we were unable to identify the target, other data shown in the 
accompanying paper (30) indicated that the antigen was carried 
on the CD33 protein. 

, discussion 

This paper details the : specificity of a new mouse mAb, 
M195, which is reactive with myelogenous Ieukemias, early 
myeloid cells and some monocytic cells. Qualitative and quan- 
titative analyses of the mAb's binding, its biological activity, 
and its immunological functions are described. 
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M195 lg G was added at "I 6 '"" 3 *"* Mettt ^- 

*• jested tor ly8ls by mS^^^^'^CmJ. 
complement at 37X tor 45 mln. cjtotox X ' 9<5 rabb " 
Is shown on the y axis. ^toxicity after this second addition 

,'• '^^^^ Ml95 « di ^sis and i„ vivo 

used in tie s^edfic^ T Undertake "- ScvenU 

to detect 1 ng of mAb M195 Say /* n,chare active enough 
specificity analysis Direct Zr? Used initial 'y for 

: 125 labekd IgG and F m'ltZ^T^ Usin « ^"e- 
titate the num£ of ^ en site fa 0lder to W- 
cells. The F (Ab)'2 has ESS^^^ 1 "** 
ceptor binding quantitative! y Sf °' ^^"'^ "on-Fc re- 
assay was used to analyze reacS V T P Cment fixation 
after binding to antigTfn ™ ? ° C b ' 0,0gicaJ activi «y 

}" this assay! t^T^S^S** * 
Indirect immunofiuorescenceTK ?J * " g 316 "d""* 1 - 
^ind>ect in^unoperoxISe^ ^^Sf??*" 1 With 
^gen expression on a broad sSZ,?f '? defme Ml95 
results supported data JKiSf , n0rmal dssues - These 
tion -d absorp- 

; 'V sectioned and fixed binrfL, . 6 assues were frozen 

■t£ ss^^t^m 3£ mye ,oi d «* 

blood T and B ceHs lvmnh !i Ce,,S ' inc,udin g Puberal 
cells, T and B ?aSS Sp,Cen ' «« °one m'arrow 
late B cell tt^TcJfS^ ^ ^ B ' B ' — 
and T cells, did „ 0 7exp£s J*™' a " d acti D vated fresh » 
Platelets were also neXf a MI95 c an, 'g en - Red cells and 
lines and nonhematoS 'J?™* '? nonhema t 0 poietic cell 
active with M.oT n^. lK -. USSUes ' ^ «™phoblasts were re- 
The presence nf 'Z, ",™ ,y ■«*?«' » be 

cytoplasmic. 

carcinoma cells bu? no „n ^ "l* 6 Cy, ° p,asm of c "orio- 

kocy^eswereno Tj^*™"*!": ^WPhonucle-x leu- 
onstrated i n SS^™"*" S 'S nificant W««ng be dem- 
Percenugeof Si fh marTOW k mono ""clear cells. A small 
patfents 2 ^"Pheral blood mononuclear cells 

i've. These u^l^JF*?"™ ' eUkcmia wcre P 0 *" 
J P " C ° nta,n ,ar g e| y granulocytic precursorsup 
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maturation have been rnL T , rcnt States of m yeloid 
(-Abs MvSTiJt 3 S CD34 
found on the earhWh ( 2I) Wh,Cn identifies a g P H 5 

and m^.S'SSSSS? Pr ° 8enit015 ' ^ 
is also found on , sZ Y d u P° n differentiation 
dothelium. J^o ^ Cmat0po,etlC ,issucs inc,ud ing en- 
genitors tc^^^L^ USCd t0 P uri fy P»>- 
antigensystemTmtr^uS Z£T C ^ 
3 gp67 (17) restricted to earlv 21 ? ( 27) lden,ifics 
» absent from the carl e^ I " yc, ° ld . and monocytic cells. It 
normal tissues and ht 7* T T Pr ° gCnit0ni «" oth « 
while sparing the ultim,,, t0 Cllm,nate ,cukem ia cells 

-tigen fou 8 „ C ^ ^ 0n y ' ^co^V*™*™ ** U ^ 
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^lis antigen is also widely distributed throughout 
issues (38). 

j^sfobution of the MI 95 antigen detailed in this paper 
owsitto fall into the myelomonocytic-restricted second cat- 
°lJfc mpelili0n binding studies and binding to CD33 trans- 
:t««iscussed in the accompanying paper) (30) demonstrated 
it MT95 was carried on the CD33 protein. However, cotyping 
fresh leukenuas showed that the antigen detected by mAb 
195 was not identical to the other CD33 antigens (30). 
B) Diagnosis of Hematopoietic Neoplasms. mAbs useful in 
ignostic applications must be lineage specific, but not nec- 
;anly stage specific: For this reason, the CD34 antigen which 
also present on lymphoid cells is less useful than the mye- 
locytic antigen systems CD13 and CD15 or the monocytic 
xific antigens CD14 (27, 39, 40). M195 was restricted to 
eiomonocytic cells and is being tested for use in the clinical 
gnosis of ANLL at Memorial Hospital (see accompanying 
xr)(30). , v : Vv - . . . .-V. . : ■ 

2) Purging of ANLL from Bone Marrow. In order t6 be - 
-ful in bone marrow purging, in addition to being myelo- . 
nocytic specific, the mAb must spare the ultimate progenitor 
I Reactivity with other tissues outside of the bone marrow 
lot important; The abiUty to fix complement is important -%4 
new methods to kill cells with toxins (41) or remove them i- 
h magnetic beads ,(42) introduce this requirement: cDls'fe 
ixxlies have proven mbst^useful in this application and are-£" 
:iinical trials currently (12). CD33 antibodies may be even ' - 
re useful, if adequate recovery of the bone marrow progen- 
s can be assured. M 195, which rapidly and efficiently kills - 
cemic cells with rabbit complement, might be successfully 
lied to this problem.^, . : , ; ; — >.v : . '^'^ 

>) Therapy with mAb in Vivo. This application is rnost dif ^ 
it ^H ^ optimally requires limited reactivity with normal 
ie^Paddition to ^criteria ;de^^^ dfSe xnw£ Kal 
gen systems' describedtfor rnyelomonoc'ytic 'ceils, \Ct)33 r i$ 
2ars most suited for this application in vivo. M195 may be , 

1 in this application,; but : ite demonstrated lack of cytotox-'P 
in the presence of human; complement or PBMC in vitro ! 

at require that me mAb carry a cytotoxic isotope or toxin 
e effective. Since the antigen and antibody are rapidly 
nalized, this therapeutic modality may be feasible and in- 
igation^frMsrar^ — : 
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Scientific Programme 

An interesting and varied scientific programme is being planned. The Scientific Committee wel- 
comes multid.sc.plinary participation from all those engaged in the investigation and management of 
patients or in laboratory research in the various areas of oncology. 
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wiTa'™! an,,b0dy (mAb) M19S ,s a ™use lgG2a reactive 
mvL ld 71° m0 . n0Cy,,C di « ere ntiatlon antlgenSon early 

metrv.M195wa< ! n rt ei«^ determined by flow cyto- 

. M195 may bind to t^HSff^^^^.^* dem °ns»rated.-, J7 ; 
^ kemla sample had a 98^c1£^^ 

w:: m ^ «^nd»date ^^^ff^.^^. ; ! .: 
INTRODUCTION 



cTit°^ d c , 98% in dia S" osi "g ANLL by flow 




rOJJOCLONAL antibodies (mAb) reactive with differ- 
' tion S S g t0 StUdy he ^opoietic differed 
— . icuxcnua ceils, and for therapy n vivo H-IS* Tn «„r 
veloiS^„ detCCtS M anti 8 en fo "nd on early my- 

-tibodL^^^?^*, 0 ? the binding of ,hese two 

° arget cells was found. In combination with MY9, 



oTs'ilZT A «<»«"°™°ry 2. ,989. 

orial StlTZZ'r Z" A SCheinb " g - 1275 Avenue. Men,. 
Kmermg Cancer Center. New York. NY 10021 

0S8^924/89I0306.0440$2 00/0 
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MATERIALS ANO METHODS 
Monoclonal Antibodies. M195 i mn „„ r^i 
this laboratory as described (16) I Tht fT ^ >l WaS prepared in 

antibody incubation for 30 min at 4?M^f P ^ 

fluorescein conjugate were added fZn ^ ? 8 ° at am, - m °«* 
and fixing, hi^^^ "*! 

cific binding was defPrmin^Hk u 0 protein. Spe- 

according to Ihe French Am.l a ' Memonal Hospital were classified 
reviewed^ J ^TST^ ( ? WCre 

negative his.ochcmical stains whicl ^' , d ' ffCrCn " ated cel,s with 
and which did not meet FA^ l^r™ «° ^ ,ym P hoid 

as MO (two cases onlv» rI? foro,ncrdla 8"oses were classified 

smears were s aLd wn h McN 7r ^ T" "* b,0od 
nngton PA) for ST u S ICtrachromc (Polysciencc. War- 

wi. g h s I ^ ) bE k n K^ H T hemiMl ana,ysis inc,udcd stainin « 

"aphthylbutyra e anJ^DrtT add Schiff ' a, P ha 

were analyzed by mouse red cell rose \Z and bv „h nC °P ,aSms 
Pcrox^e for , mmunoe , obulin p^Jp^ ~| 
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I blood < 



*r.r..- . ce " <>•» T "lis was aeterT....,ed by dng at Wc 

and 4 C (and by monoclonal antibody by flow cytometry) ■ 

Determination of Bone Marrow Colony forming Units. Bone mar- 
row mononuclear cells were assayed for colonies derived from CFU- 

Sove^mS T ; n ^f " 03) - Cu,,urej consi ^ of 

JZl f , T , Dulb a~'s medium (Gibco. Grand Island, NY) with 
24% fetal calf serum, 0.8% deionized bovine serum albumin (Sigma 
2T?U tin"' M 2 - merea P'oethano. (Sigma ChL- 

r? lyj^ll PUnfied human urinai y erythropoietin (49 U/mg) 
fToyobo NY. NYU0% MOTcell line conditioneJmedia and 1.3% 
mejylcellulose. Cultures were prepared in quadruplicate and scored 
on days 7 or 14. In some assays, adherent cells were depleted fun by 
plastic adherence at 37°C for 90 min. 

Antibody .nwdiattd complement cytotoxicity ofcolony forming units 
was determined by incubating the marrow mononuclear cells first in 
excess monoclonal antibody (10-100 u.g/ml) and low toxicity baby 

f « ^ 0 f m P' CmC J nt u (Pel Fiec2c)i at a flnal di '^on of 1:8. for 30 min 

t at 37*C followed by two washes with media. Alternatively, human 

t serum was used as a complement source. 

t Prepartuhn.of Purified Normal Progenitor Blasts. Normal bone 

§ marrow «lls were depleted of accessory and maturing cells to obtain 

t «nnched populauorBof^genitors.by negative selection using density 
.separations and a panel of monoclonal antibodies followed by immune 

3? . / rosetting or panning as describSd (13). The 12 antibodies reacted with 

& ^r^^'f^i P^?L 0 ?> aturc T. B. myeloid, and monocytic 
f . ..cells.. Cells were then fiozen.in liquid N j; and thawed once, then 

i - ""V^™*^^****^* Pi=cataway, NJ) before use. 

Distribution of Ml 95 ' on Hematopoietic Neoplasms The 
binding of mAb M195 to mononuclear cells from 227 patients 
• as measured by flow cytometry is shown in Table 1 M195 
. . was found on the majority of myeloblastic leukemias; 80% of 
the positive ANLL cases had greater than 50% of cells positive 
to^M&^&^l ^ SkiVC CaSCS had Swuer-than 75% ^ 

.. ^IfenitiVe distjrHers, and other nonmyeldid samples were vir- 
tually always negative (4% of cases positive). 
■ - . . A quantitative analysis of the total number of binding sites 
..... ^..several of the positive hematopoietic neoplasms was con- 
^ ducted by radioimmunoassay. Our accompanying study (16) 
ck>.. fP 0 ^.^ myelomonocytic leukemia cell lines expressed ap- 
... -proximately 10,000 antigen sites per cell. The same quantity 
~ ^s-seenton-fresh-ANLI,ceHs-from several patients (Fig 1) 



.,.>; .v\ • y.;.-y •• ^••'■••v:-^;'^;vUii-'^^ 

Lymphoid leukemias and lym, .nas, and chronic myeloge- ' "'" 
nous leukemia (CML) cells in chronic phase did not express 
antigen on their surfaces. 

The expression of MI95 was compared to the FAB classi- 
fication of ANLL (Table 2). MI 95 was expressed in all sub- 
classes of ANLL except M0 and M6. Since there were very 
few leukemias of these two classes, the significance of this is 
not clear. However, when both the M0 and Ml classes were 
pooled, only 3 of 14 (23%) were positive compared to 30 of 
44 M2, M3, or M4 leukemias (68%). 

x Jol'P 05 ^ 6 ANLL (>32 ° "g/ 10 " cells > tended to be 
MI95-negative (30%) compared to the Tdt-negative myeloid 
leukemias (74%). These data supported the suggestion from 
our earlier paper on cell lines that the M195 antigen was more 
highly expressed on early committed granulocytic precursor 
cells than on more undifferentiated earlier myeloid cells (16) 
M195 was found on about a third of CML samples in chronic 
phase, all CML samples in myeloblastic or accelerated phase 




tibod^Bum ^ (i piractracUoJ.mmijnoMuy (or mAb M195 IgCS-on' fresh he- 
matopoietic neoplasms. The assay was conducted as described In Ma- 
terial 9 and Methods. Tne Identities of the specimens are shown along 

, " 9 b0Und 500 000 08118 '» bivalent to 6000 IgG per 
cell. AMOL Is acute monocytic leukemia; CML-MB Is myeloblastic CML 
MM Is muMple myeloma. HCL Is hairy cell leukemia; CU. Is chronte 

DHL is diffuse histiocytic lymphoma; NPDL Is nodular poorly dmW 
n«£ '^ P I ,0ma - ™ 6 'ymphomas were suspensions made from lymph 




Acute nonlymphoblastic leukemia 

Tdt-posrtrve cases only 
Chronic myelogenous leukemia— 

Accelerated and myeloblastic phase 

Total myeloid, elastic cases 

Chronic myelomonocytic leukemia 

Myelodysplastic syndromes 

Chronic myelogenous leukemia (chronic) 

Acute lymphoblastic leukemia: 
Calla + 
Calla - 
T-ALL 

Chronic myelogenous leukemia— 
Lymphoblastic phase 
Total lymphoid, blastic cases 

Lymphoproliferative disorders (T + B) 
Normal, nondiagnostic, and other 

Total cases 



61 



25 
17 



33 



•Conducted as Described in the Materials and Methods. 
DIAGNOSTIC MARKER FOR ANLL 



51 

19 
51 

227 



41 



12 



(100) 
(67) 

(100) 
(40) 
(41) 

(12) 



(8) 
(5) 
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FAB Group 



v No. Tested 



No. 

Ml 95- Positive 



MO 
Ml 
M2 
M3 
| M4 
M5a 
M5b 
M6 
M7 



2 
12 
24 

5 
15 

5 
18 

2 

1 



0 

3 
15 

5 
10 

3 

a 

0 

1 



(0) 
(25) 
(63) 
(100) 
(67) 
(60) 
(44) 
(0) 
(100) 



^^ but riot on lymphoblastic CML cells (Table 3A). Four of 46 
acute lymphocytic (ALL) leukemias were M195-positive 
. (Table 3B). These ALL samples were CALLA-positive pre-B 
leukemias. The total number of cells positive for M 1 95 in these 
. -samples -was. rather low: 26%, 32%, 39%, and 42%. Other 
■v J^^^ ai 5 - hown for comparison. MY9 was present on five 

28%, 35%, 35%, and 62% MY9- 

>W^ iaV - ^ of ^ tst were differei " from those that were 
■•^p^^itiye^ne case was 28% MY9-positive and 42% 
' m L '^i?^p<»itivej- ?MY9 was also found on one of five cases of 
^#oWasfic CML (Table 3A). 

W$JlW°$! k ~ 0 f M195 with CD3 3 Antigens. Our previous 
gLPS^^Sgcsted that the distribution of M 195 appeared similar 
^^5^^ forCD3 3-reacUve antibodies MY9 and UF3 
t ,.i^ e .P^?tein,target of Ml 95 has thus far eluaed^etection (16). 
; A:? > ??P? r H? n of M195 reactivity to other well characterized 
if -^niyeloid.inarkers on the same leukemias is shown in Table 4 
■■'rW^ - not include 30 teutemias that were not char- 
^|^?f?^* d *. b y other markers that were included in Table 2). 
^M^Pi^P' 31,(1 MY 4 were distributed among all subtypes 
patterns dissimilar to M195. MY9 was strikingly similar to 
-^mMl9S inits pattern of distribution. An analysis of the concor- 
■■Pance of M195 and MY9 in the flow cytometric studies on 
; .*f fresh, acute blastic leukemias (lymphoid and nonlymphoid) is 
^v 1 ?^ H Tab,e 5 - 1,1 93 cases of ANLL or acute lymphoid 
- ^J* ukenuas . e'*er both markers were positive or both were 
"%.5?8aawv* 1 19 cases *e binding differed, resulting in a con- 
>, -^cordance rate of 83% overall. This high, but not complete, 
^£ ,c ? ncordancc suggested that the Ml 95 antigen might be related 
.^to^orOTexpressed with the CD33 antigen. 
^|pCi5sl*lecking-experimentSTising iodine- 1 25-labeled M195 
r43MEG or F(Ab)'2 binding to HL60 leukemia cells in the presence 



^ cA tc » tunccniraiion? fariou? lunoglbbulins are shown 
.m Figure 2. Both MY9 and L4F3 x - J33-reactive), as well as' 
the original Ml 95 IgG, blocked binding of the l23 I-M195 MY7 
(CD13), M31 (CD15), and OKB7 (CD21) did not inhibit bind- 
ing. These data further confirmed the association between the 
M195 antigen and CD33 antigens. In other experiments (not 
shown) excess unlabeled Ml 95 was able to block binding of 
about 50% of FITC-Iabeled MY9 to HL60 cells as measured 
by flow cytometry. 

MAb M195 was also tested by Dr. T. Look (St. Jude, Mem- 
phis, TN) for reactivity with NIH-3T3 cells transfected with 
the DNA from myeloid cells and expressing the CD33 antigen 
(20). Both L4F3 (CD33) and MY9 (CD33) are reactive with 
these cells; MI 95 was reactive as well. This result, when taken 
in context with the nonidentical concordance data shown above, 
suggested that the MI 95 antigen was carried on the p67 (CD33) 
but was not the same as the previously described CD33 antigen 
epitopes recognized by L4F3 and MY9. 

Diagnostic Utility ofM195. MY9 is widely regarded as the 
standard marker for ANLL (21, 22). We compared the diag- 
nostic utility of MY9 with MI95 either alone or together on 
81 blastic leukemias of either myeloid or lymphoid origin 
(Table 6). Eighty-four percent of ANLL expressed eitherM195 
or MY9, but each antibody alone failed to identify more than 
a quarter of cases. Among lymphoid cases either MY9 or Ml 95 
was ««:c2siona(iy expressed, but both antibodies were expressed 
together only once. In this case the reactivity was weak: 28% 
MY9 + and 42% MI95 + . Thus, the presence of both MI95 
and MY9 positivity on a leukemia sample had 98% specificity 
in defining that leukemia as ANLL. 



Group 



No. Tested 



M0 

M1 

M2 

M3 

M4 

M5a 

M5b 

M6 

M7 - 



2 

5 
15 

4 
10 

3 
12 

2 

1 



Hospital* 


% Testing Positive for 


My 10 


My7 


My9 


M195 


My4 


100 


100 


0 


0 


0 


80 


50 


60 


40 


0 


67 


33 


73 


73 


7 


100 


50 


v100 


100 


75 


70 


40 


v 80 


70 


44 


100 


33 


100 


67 


0 


56 


45 


75 


58 


17 


50 


100 


50 


0 


0 


100 


0 


100 


100 


0 



'Conducted as described in Materials and Methods. 



Table 3A. Immunophenotype of Chronic Myelogenous Leukemia at Memorial Hospital' 



No. tested 



CML chronic phase \ 7 

CML accelerated and myeloblastic 7 
CML lymphoblastic 5 



M195 



My9 



41 
100 
0 



41 

70 
20 



% Testing Positive lor: 



My 10 



19 
100 
100 



18 
86 
50 



My4 

6 
28 
0 



Calla/B4 



6 
NO 
80 



24 
86 
80 



ALL type 



CALLA + 
CALLA - 
T*ALL 

Total non-T ALL 
Total ALL 



Table 3B. Immunophenotype of Acute Lymphoblastic Leukemias at Memorial Hospital' 



No. Tested 



33 
6 
5 

41 
46 



'Conducted as described in Materials and Methods. 



62 
88 
0 

33 
74 



MytO 



58 
88 
0 

64 
57 



% Testing Positive for: 



84 



B1 



91 
100 
0 

95 
85 



52 
0 
0 

41 

37 



M195 



12 
0 
0 

10 
9 



My9 



15 
0 
0 

12 
11 
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S * ; ™ e 5 ' ^^^'Oat- WM 195 and My9 a,_ ig 1 12 elastic 

— - ; • Leukemlas 

Reactivity Pattern 



My9 + andMl95 + 
My9 - and M195 - 
My9 + andMl95 
Overall concnrrtar^ 



No. of Cases 



orMy9 - and M195 





too 




■ J° 




.80 


Percent 




MJ95 


; SO- 


Bound 




40 



















38 
55 
19 
83% 




-■■ wcn«i- UUWJ lc? target ceils rofowed hv 12S I-miqc ^ „J; 



: ^^Z qf ^ 195 r Hemat <>poietic Colony.forn.ing 
Celb. The expression of M195 on leukemia cells but noTnn 
-mturenonadherent peripheral WoodcdlinorS;!SS£ 



r?ps! 



i^r^rrrr .^""wau group ot n 

' ^ 2d rSf 1 f ^ manow mononuclear cells with M9S 
• ^ C ° mple T!, t(Tab,e 7 )-C<»«^mentaIo„e, anS 

alone, and no antibody or complement treatments were uS 
: : . ; ^negauve controls. Antibody to human IA antLn Sift of 

^i^tS^^° Vei&Lv/as not sufficie « to obtain statis- 
It' 0 dctermine *e extent of expression of M195 on 

SSS&tsass 



thawing once (13). These cells are morphologically bl^ ^A 
-present a progenitor cell pop U ,ati on ?0- ^ 
bone marrow mononuclear cells Fivefnfift~.« PWtnan 

JLSX? r " M195 ab ° Ve bacl * round fo""d in 
testing (hree different samples of these normal , early blast cell 

usCt™ ° f **** CCMS C ° Uld ^ det -°" 
Because these data suggested that M195 antigen was ex 

tor CFU-GM colonies, we attempted to identify these cells bv 

STjfT" PaDnin8 ' ^omagn^dtpa" 

Miof cell sorting. None of these methods selected out a 
M 1 95-pos.tive subpopulation. This may be due to wfaklnSen 

rf K ^ 0nBoneM ^o W Pro g enitor S inthePre S ence 
If^T- Com P'r ent - Because «e anticipated possible uS 

£ *e orSncf^ ^ fr ° m n0rmaJ *™ mai ™ 
fTable \£ hun ?H SCnJm 25 a complement source 

effectpnprogemtorcellsinthemarrow. No effects were~7 

SSEfiSTt Studies n of Spheral blood mononuSS 
and HL60 leukemia cells were also negative. 

DISCUSSION 

on fresh leukemn, cells and early hematopoietic J^SS? 
n our accompanymg paper (16) we showed that the M195 
anugen was present on myelomonocytic leukemia celfs and la 
fraction of monocytes but was not detectable n7mSf . 
myeloid cells present in the bone mktw »Si3SK 
nor on nonhematopoietic cells and tissues. fTSJ? 
extend the description of*, M195 antigen and dLuTcom 

tigens. Among 227 fresh hematopoietic samples studied M195 





'Pe?S&' d 66 P 05 ^ 8 j " a« cases. 
«"<"x)dy(s) should be negative in all cases 
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Treatment 



Best Available Copy 

Tabte 7. ><? cover> Colonl es^after Treatment with Antibody and Comple ment 

% Recovery of the Following Colonies 




Nil 

M195 alone 
Complement alone 
M195 plus complement 
Anti-IA plus complement 



Day 7 CFU<5M 
124* (111. 136) 6 
108 (97. 120) 
lOO* 
6(10. 1) 
0 (0, NO") 



Day 14 CFU-GM 

126(139. 104. 111, 110) 
124 (126, 181,93, 98) 
100 

17 (0, 60, 3, 6) 
1 (0, 2, 0, ND) 



BFU-E 

103 (143, 83, 115, 71) 
107(141. 114, 98. 74) 
100 

33 (8, 77, 6, 40) 
6(5, 11, 1, ND) 



•Mean of all experiments shown. 

^Percent recovery of an individual experiment 

bel^o a:o P LTo n if^r mem ^ 00n-d " -d ,0 be '«*«•«»■•* and other da* on .his char, were normalfced «o ,ha. va.ue. Plating 
*ND = Not detennined. 



efficiency was 



Several antigens are currently used to diagnose ANLL by 
flow cytometry. Among these, CD33 antibodies, MY9 (5), and 
L4F3 or L1B2 (4), appear to be most widely and most specif- 
ically distributed on ANLL. MI95 antigen was concordantly 
expressed with MY9 on 83% of cases. Moreover, although 
neither antigen was expressed on 100% of ANLL, the com- 
bination of both M195 and MY9 could be used to diagnose 
ANLL with 98% specificity if both were expressed on a leu- 
kemia sample. We are currently using this combination to aid 
in the diagnosis of acute leukemias at Memorial Hospital. 

The close coexpression of M195 and MY9 suggested that 
M195 might bind to the CD33 protein target [p67] (20). Efforts 
to identify the M195 target have been unsuccessful (16). Block- 
ing experiments shown here demonstrated probable identity of 
the M195 target with the CD33 protein. Moreover, binding of 
M195 to CD33 DNA transfectants was shown. Despite these 
data, since flow cytometry data showed nonidenucai concor- 
, dance with MY9, it is likely that M195 does not bind to the 
same CD33 epitope as MY9 or L4F3. 

Although M195 antigen was found on a greater percentage 
of ANLL samples of the FAB classifications M2, M3, and M4 
than on other types, the presence of Ml 95 binding could not 
be used to predict morphology or vice versa. Other studies 
comparing immunophenotype with morphologic phenotype have 
come to similar conclusions since there was considerable over- 
Jap of markers into each type of ANLL (23-25). Some dis- 
cnmination of monocytic from myeloid ANLL has been shown 
(22, 26), however. 

The CD33 antigen is expressed on early myelomonocytic 
progenitorxells (4,^) y but not on the ultimate progenitors (17). 

Table 8A. Effects of M195 on Hematopoietic Stem Cells in the 
Presence of Human Complement*^ - *• 



Treatment 



No. of Colonies, Oay 14 



CFU-GM 



None 

Complement (C) alone 
M195 

M195 + C 



BFU-E 



116(100%)° 
102(100%) 
132(113%) 
141 (138%) 



154(100%) 
121 (100%) 
158(102%) 
127(105%) 



Table 8B. Effect of the Continued Presence of M195 on Colony 

, Forming Cells 6 



Treatment 



No. of colonies. Day 14 



CFU-GM 



Nil 

M195 



BFU-E 



125(100%) 
124 (99%) 



188(100%) 

. 168 (89%) 

•Human serum was added at a final dilution of 1/6 as descnbed for rabbit 
complement in Materials and Methods. 

^Quadruplicate control plate results are normalized to 100%. 
and M mod G directly ° 9f0wing cu,tures as described in Materials 
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This restriction has allowed selective purging of ANLL cells 
from bone marrow while still permitting regrowth of normal 
cells in selective cases (18). This avenue of therapy is being 
pursued elsewhere. Ml 95, as expected, was expressed on CFU- 
GM and to a lesser extent on BFU-E. Since, like MY9 and 
L4F3, M195 readily kills cells with rabbit complement, it may 
be useful as a purging agent in ANLL. Studies of this appli- 
cation are underway (E. Berman, unpublished data). 

Radioimmunoassays^* M195 on highly purified early blasts 
did not detect significant antigen expression. Because the ra- 
dioimmunoassay could miss M195 expression on small sub- 
populations within this group of cells, long-term marrow cultures 
will need to be done to help further define and confirm this 
finding. Based on the data here and in our accompanying paper 
(16), the distribution of the MI95 antigen among hematopoietic 
differentiation appears similar to that described for other CD33 
antigens (4, 5). This includes early committed myeloid pro- 
genitors, but perhaps not the earliest colony forming cells (17, 
18). 

The M195 antigen is not expressed on adult human tissues. 
Therefore, in addition to its use as a diagnostic marker of ANLL 
and as a purging agent, M195 can potentially be used as a 
therapeutic agent in vivo. Since the antibody does not have in 
vitro cytotoxic effects alone or in the presence of human serum 
as a complement source, it is not likely to cause lysis of ANLL 
cells. However, upon binding of mAb M195, the antibody is 
rapidly internalized (to be published elsewhere), and thus the 
application of mAb Mi 95 as a carrier of toxins or alpha- 
emitting isotopes to ANLL cells in vivo may be feasible. 
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FIG. 9A 
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THERAPEUTIC USE OF HYPERVARIABLE 
REGION OF MONOCLONAL ANTIBODY 
M195 AND CONSTRUCTS THEREOF 

This is a continuation of U.S. application Sex. No. 
08/056,957, filed May 3, 1993, which is a continuation of 
U.S. Ser. No. 07/450,918, filed Dec. 14, 1989, now 
abandoned, Che contents of which are hereby incorporated 
by reference. 

The invention disclosed herein was made with Govern- 
ment support under NTH Grant No. CA08748 from the 
Department of Health and Human Services. Accordingly, the 
U.S. Government has certain rights in this invention. 

Throughout this application, various publications are 
referenced by numbers within parentheses. Full citations for 
these publications may be found at the end of the specifi- 
cation immediately preceding the claims. The disclosure of 
these publications, in their entireties, are hereby incorpo- 
rated by reference into this application in order to more fully 
describe the state of the art to which this invention pertains. 

BACKGROUND OF THE INVEOTION 

Mouse monoclonal antibody M 195 is an IgG2a developed 
at Sloan- Kettering Institute (Tanimoto M., Scheinberg D A, 
Cordon-Cardo C, et al. Leukemia 3339-348, 1989. Schei- 
nberg D A, Tanimoto M, McKenzie S, ct aL Leukemia 
3:440-445, 1999.) which reacts with 60-70% of samples of 
blasts from patients with ANLL. Ml 95 also binds to early 
myeloid cells (CFU-GM) and some monocytes but not to the 
earliest myeloid progenitors. The target antigen is not 
expressed on any other hematopoietic or non-hematopoietic 
tissue. Antibodies to a related antigen on the same protein 
(CD33), My9 and L4F3, are currently being used to purge 
bone marrow of ANLL before autologous transfusion 
(Bernstein I D, Singer J W, Andrews R G, et aL J Clin Invest 
79:1153-1159, (1987); Griffin J D, Unch D, Sabbath K, et 
al. Leukemia Res 8:521-534, 1984.). M195 is rapidly inter- 
nalized into cells after binding and this effect can enhance 
delivery of radioroetals, radioiodine or conjugated toxins 
into cells (Divgi C R, Minntti J G, Old L J, Scheinberg D A 
Amer Assoc Cancer Res 30: Abs #1606, 1989). M 195 is able 
to kill leukemia cells with rabbit or guinea pig complement, 
but not by use of human complement cr hun^c antibody 
dependent cellular cytotoxicity in vitro. Activation of these 
mediators in vitro has correlated with these effects hi vivo 
(Houghton A N, Mintzer D, Cordon-Cardo C, et aL Proc Nail 
Acad Sci USA 82:1242-1246, (1985)), but it is not known 
if the lack of in vitro effects will predict lack of in vivo 
effects. Because M195 also reacts with early myeloid cells, 
normal marrow progenitors may be affected also. 

Long-term survival in ANLL with the best current che- 
motherapeutic regimens is generally less than 20% 
(Clarkson B D, Gee T S, Mertelsmann R, et al. CRC critical 
review in Oncology/Hcmatology 4:221-248 (1986)). Sur- 
vival of patients who relapse or who fail first attempts at 
induction chemotherapy is far lower. Autologous or alloge- 
neic bone marrow transplantation may improve survival, but 
only in a small subset of patients (Gale R P, Horowitz M M, 
Biggs J C, et aL Lancet 8647:1119-1121 (1989)). There are 
no effective therapies for myelodysplasvfc syndromes or 
chronic monocytic Leukemias and long term survival in these 
diseases is rare. Among patients with chronic myeloid 
leukemias (CML), only allogeneic bone marrow transplant 
has had an impact on survival (Clarkson B D J Clin Oncol 
3:135-139(1985)). 

(Ref.a **Mabl95: A Diagnostic Marker ...**): Monoclonal 
antibodies (mAb) reactive with differentiation antigens 
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present on myeloid cells and their progenitors are being used 
to study hematopoietic differentiation, to identify acute 
nonlymphoid leukemia (ANLL), to study the effects of 
hematopoietic growth factors, to purge bone marrow of 
leukemia cells, and for therapy in vivo (1-15 ReLa). 

(Ref.b "Restricted Antigens . . . "):The antigens displayed 
on the surface of acute non-lymphocytic leukemia (ANLL) 
cells and hematopoietic progenitor cells are being mapped in 
a number of laboratories using monoclonal antibodies 

} (mAbs) (1 Ref.b). These studies have been directed at 
identifying antigens that are useful in distinguishing lym- 
phoid from nonlymphoid leukemias (2-4 Ref.b), in subtyp- 
ing of acute myelogenous leukemia, and in predicting out- 
come (5-10 Ref.b) and in therapy in vivo (11 Ref.b) or via 

5 bone marrow purging ex vivo (12 Ref.b). Antigens defining 
ANLL cells also identify normal hematopoietic cells during 
early stages of their development and thus should be clas- 
sified as differentiation antigens rather than leukemia spe- 
cific antigens. 

20 Antigens restricted to the earliest stages of hematopoietic 
develcpniCut £rc or particular interest since ANLL is thought 
to be derived from these cells (13-16 Ref.b). mAbs identi- 
fying these early cells can help in their purification or the 
study of growth regulation and control of differentiation (17 

25 Ref.b). Such early progenitors may be useful for autologous 
reinfusion in bone marrow rescue (18 Ref.b). Studies of 
bone marrow from patients with ANLL have shown that the 
clonogenic cells are probably derived from a subset of cells 
which are phenotypically more immature that the majority 

30 of cells in circulation (14, 15 Ref.b). This suggests that 
analysis of the development of leukemia cells, as well as 
therapeutic trials, should also be directed at these early cells 
and not simply the phenotypically predominant cells in the 
marrow and peripheral blood. 

35 Several mAbs restricted to hematopoietic progenitors 
have been described: monoclonal antibodies MY 10. 3C5, 
and 12.8 recognize a 115-kDa glycoprotein (gp!15 [CD34]) 
found on normal colony forming cells, myeloblasts* and 
leukemic blasts from most patients with ANLL and acute 

40 lymphoid leukemias (19-21 Ref.b). mAb NHL-30.5 identi- 
fies a 180-kDa protein found on a similar distribution of cells 
(22, 23 Ref.b). My9 and L4F3 antibodies identify a 67-kDa 
glycoprotein (CD33) (24-27 Ref.b) which is expressed on 
slightly more mature progenitors (subsets of CFU-GEMM 

45 and some older cells) and is restricted to leukemias of the 
myeloid and monocytic lineage. Long-term culture studies 
suggest that elimination of cells bearing the CD33 antigen 
will still allow regrowth of normal marrow cells of all 
lineages, presumably because of the presence of more immf.- 

50 lure antigen negative progenitors (25 Ref.b). Sabbath et aL 
(15 Ref.b) show that the CD33 antigen is expressed on 
leukemic colony-forming cells whereas other more mature 
markers are less commonly expressed. Finally, studies with 
ANLL marrow suggest it may be possible to purge leukemia 

55 cells from the bone marrow of many patients with ANLL 
using complement fixing antibodies to CD33 without 
destroying the ultimate normal progenitors (24 Ref.b). Sev- 
eral other antibodies with a less restricted distribution have 
also been described (14. 28, 29 Ref.b). 

60 (Ref.c): Since the discovery of hybridoma technology by 
Kohler and Milstein (IRef. c), there has been considerable 
interest in the utility of monoclonal antibodies as carriers of 
radioactivity for the diagnosis and therapy of cancer (23Ref. 
c). After the initial report by Goldenberg et al. on the utility 

65 of radiolabeled antibodies in the detection of cancer (4K 
there have been several clinical trials utilizing radiolabeled 
monoclonal antibodies in lymphoma and leukemia (5-11 
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Ref.c), both for radioimmunolocalization and radioimmu- BRIEF DESCRIPTION OF THE FIGURES 

notherapy. Most of these trials have employed radioiodine <A ^ ■ „ , ^ 

(5-10 Ref.c); Cmrasquiuo and associates have also studied ™& ^~ lC : R***"^ ***** of M195 IgG and 

m In-labele* monoclonal antibody T101 (5,9 Ref.c) in the F( ^> * S ^°?J^ Assays were 

diagnosis of T-cell lymphoma. One obvious advantage of 5 conducted as describe in Materials Mdhofe FIG. 1A, 

radiolabeled antibodies is that the specificity of anribo<fy for ^ < 0 >• <M*ng of ^-IgG in the presence 

the target antigen, often expressed in increased quantities on ^^^f^*** ( ^ ^ S J™^ C ™ ^K 0 * 

neoplastic cells, offers a potentially useful melhod for the ^X^* " ^i™'™' ^^/^ 

selective delivery of radioactivity to the tumor site; n °' 1Ci ScattW P lot <* M195 

moreover, the range of potentially lethal radiation emitted by 10 F ( Ab ) 2 ending. 

most currently used radionuclides extends over several cell mG - Radioimmunoassay of M195 IgG and F(Ab) , 2 on 

diameters, making it theoretically possible for the radiation ^ l^f s of hematopoietic origin. 125 I-M195 binding was 

to be cytotoxic to neighboring neoplastic cells that lack the determined at saturation as described in Materials and 

target antigen. Methods. Nonspecific binding was 0.2 ng 500,000 cells. 

Historically, beta-rninus particle emitters such as 131 I is s P cdfic biDdin S is IgG, ■; F(Aby2 J| 

have been preferred for mAb directed radioimmunotherapy. mG - 3 - Complement cytotoxicity by M195 IgG on HL60 

Radionuclides such as l23 I that decay by electron capture are cells using rabbit complement The concentration of rabbit 

also of interest in radioimrnunotherapy because they are complement is shown in the figure: final dilution of Ve (9), 

cytotoxic when internalized by the cell nucleus (12 Ref.c). ! /w ( 0 ), and VSo ( The assay was conducted as described 

li5 I labeled antibodies that are internalized into the cell 20 in Materials and Methods. 

following interaction with the tsrvr* -a^gen may thus be FIG. 4A and 4B. Indirect iinmunoperoxidase assay of 

. ^cytotoxic (13 Ref.c). Studies in both animals and humans M195 on trophoblast cells. FIG. 4A, photomicrograph of 

have shown that the radiometal ul In concentrates to a M195 IgG binding to trophoblast FIG. 4B, Control IgG 

significantly greater extent in tumor compared to radioiodine binding to trophoblast cells. 

(14-17 Ref.c). Tnus, use of beta-nmw 25 pj G 5 Amigenic modulation after exposure of HL60 

such as ^areof interest fc* therapy as welL Therefore, the cells to mAb M195. The assay was conducted as described 

choice of radionuclide used to label monodonal antioodics in Materials and Methods. M195 IgG was added at the 

may be of importance in the design of clinical trials utilizing concentrations shown in the figure and allowed to incubate 

radiolabeled mAbs for diagnosis and therapy. at 37° C. for times indicated on the X axis. Cells were then 

Antigen-antibody complexes may either be shed from the 30 tested for lysis by an additional aliquot of M195 IgG with 

cell or internalized into the cell following interaction with rabbit complement at 37° C for 45 min. Cytotoxicity after 

antibody. This process, known as modulation, was first this second addition is shown on the y axis, 

described in mice (IS Ref.c) and later confirmed to occur FIG. 6. Direct Radioimmunoassay for mAb M 195 IgG on 

during trials of mAb in humans (19 Ref.c). The process fresh hematopoietic neoplasms. The assay was conducted as 

appears to be a general phenomenon found in many antigen- 35 described in Materials and Methods. The identities of the 

antibody systems of hematopoietic cells (20 Refx) and specimens are shown along the X axis; 1 ng bound per 

neoplasms as wdl as in solid tumors (21 Ref.c). Modulation 500,000 cells is equivalent to 8000 IgG per cell. AMOL is 

may result in mAb shedding, internalization, or both pro- acute monocytic leukemia; CML-MB is myeloblastic CML; 

cesses. Shedding may result in residence time of the and- MM is multiple myeloma; HCL is hairy cell leukemia; OX 

body on the target cell too short to achieve cell kill On the is chronic lymphocytic leukemia; DPDL is diffuse poorly 

other hand, internalized antigen-antibody complexes may differentiated lymphoma; DHL is diffuse histiocytic lym- 

theoretically deliver significant amounts of cytotoxic and- phoma; NPDL is nodular poorly differentiated lymphoma; 

body into the cell if the cytotoxic labd attached to the The lynu*ornas were suspensions made from lymph nodes, 

antibody is internalized into the cell and retained. Background nonspecific binding was 0.2 ng bound. Only 

""The cell biology of modulation and receptor internaliza- specific binding -is shown. 

tion has been studied elsewhere (2223 Ref.c). pj G 7 Blocking of M195 direct radioiminunoassay by 

SUMMARY OF THE INVENTION exc^unlabeled Ig. A 50-100 1 fold molar excess of the 

antibodies designated along the X axis were added to HL60 

This invention provides a recombinant polypeptide which ^ target cells followed by 12 *I-M195 at 4° C. for 60 min. The 

comprises an amino acid sequence which is substantially the amount of bound 125 I-M195 is shown on the Y axis. Binding 

same as the amino acid sequence of the hypervariable region of M 195 without competing IG was normalized to 100% 

of monoclonal antibody M195 (AXCC No. HB 10306). FIG. 8A-4D. 125 I-M195 Internalization & Release. 

The invention further provides a chimeric antibody which mtenaalization (FIGS. 8A, 8B): 5 million HL60 cells were 

comprises such a polypeptide, particularly in combination 55 mixed with 5 ug mAb or fragment and incubated at 4° 

with the amino acid sequences of a human framework region or 370 Aliquots were taken at appropriate time points 

and of a constant region from a human antibody. and measured for total and mtexnalized cell-associated 

Still further, this invention provides a therapeutic agent radioactivity, 
comprising such a chimeric antibody and a cytotoxic agent All graphs showing radioactivity in counts per minute 
for example, a radioisotope or a toxin conjugated thereto. 60 over time are labeled as follows: (A — A): total cell- 
Also, this invention provides a thcxarx;utic agent comprising associated radioactivity at 4° C.; (O — O): total cell- 
monoclonal antibody M195 (ATCC No. HB 10306) and a associated radioactivity at 37° G; (A — A): internalized 
cytotoxic agenfc conjugated thereto. radioactivity at 4° C; (•— •) internalized radioactivity at 

This invention additionally provides methods of treating 37° C 

or diagnosing acute or chronic leukemia in human patients. 65 All graphs showing percent internalized radioactivity are 

of effecting bone marrow transplants, and introducing labeled ws follows (A — A): percent internalized at 4° G; 

genetic informfltion into leukemia cells. (O — O); percent internalized radioactivity at 37° C. 
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Release (FIGS. 8C, 8D): 5 million cells were incubated with Alternatively, the cytotoxic agent present in the therapeu- 

5 ug mAb or fragment at 4° for 60 minutes, then washed free , ctic agent may be a beta particle emitter, e.g. one selected 

of ambient mAb. Measurernentsof internaUzedracUoactivity xr from the group consisting of Iodine- 131, Scandium-47, 

were carried out as described above with the washed cells Rhenium- 186, Rhenium- 188, and Yttrium-90. 

Internalization (FIGS. 9 A, 9B): Conducted exactly as ^ . ... . „ 1rt . A . 

/loowiiuH cti-o b a m „™» wmc • , i, j fissionable nuclide such as Boron- 10 or an Actinide. 
described in FIGS. 8 A, 8B except Ml 95 is now labeled 

with In-Ill. A therapeutic agent comprising monoclonal antibody 

Release (FIGS. 9A, 9B): Conducted exactly as described 10 M19 $ (^CC HB 10306) and a cytotoxic agent conjugated 

in FIGS. 8C, 8D except M195 is now labeled in this thereto is also provided by mis invention, e.g. one in which 

experiment with In- 111. the cytotoxic agent is a radioisotope. 

FIGS. 19A-10D. 125 I-M195 ¥(^2 Internalization & Also, this invention concerns a polypeptide coinprising 

Release. J5 the recombinant polypeptide described hereinabove fused to 

Internalization (FIGS. 10A, 10B): Conducted exactly as another polypeptide, for example* a toxin or a drug, 

described in FIGS. 8A, 8B except I- 125 is now attached This invention also provides a method of treating acute or 

to F(ab') 2 fragment of M195. chronic leukemia in a human patient which comprises 

Release (FIGS. IOC, 10D): Conducted as described in administering to the patient an amount of the therapeutic 

FIGS. 8c, Bd except M195 is now labeled with ^ agent comprising a chimeric antibody to which a cytotoxic 

1-125. agepl is conjugate*!, s'jScient <o bind to, and be internalized 

FIG. 11. Schematic diagram of the distributioh^df^me by, leukemic cells so as to uVxeby destroy the leukemic* 

M 195 antigen inhuman tissues. The antigen is not known to cells. 

be present on any adult ^noD-hcnutopoietic tissues, so they Further, the invention concerns a method of treating acute 

are not shown. The distribution in the hematopoietic cells is „ „ chronic leatemia to a humaD ^ prises 

,„ _ . . _^ . .... administering to the patient an amount of a therapeutic agent 

FIO. 12. M«iri V*™**°fe body |m» comprising M195 conjugated to a radioiscKor* ^cielt to 

^images ofp^nt#l, injected 18 hours earner mm SmCi blnd to . Md ^ Eternalized by letikemTcells so as to 

iodine-131 M195 (15 mg). All known areas of leukemic maeb thc kuixiB i c ^Us. 

involvement (bone marrow, spleen, liver, mediastinal ™ , . \. ^ 

chlorama) show marked uptake of M195. 30 to mcmods *•* 8mount of therapeutic agent is 

FIG. 13. Schematic diagram of fee method of antibody typically from about 0.05 mg. to about 100 mg and the 

targeting of genetic information into hematopoietic cells «h«ap«mc agent is administered intravenously. 

~ ™ ™„~,»™^ „ Still further, mis invention provides a method of treating 

DCTAILFJ> DESCEJffTTON OF THE .cute or chronic leukemia in a human patient which con> 

INVENTION prises adrriinistering to the patient an amount of a therapeu- 

The invention provides a recombinant polypeptide which tic agent as described hereinabove sufficient to bind to, and 

comprises an amino acid sequence which is substantially the be internalized by, leukemic cells so as to thereby destroy 

same as the amino acid sequence of thc hypcrvariable region the leukemic cells. 

of monoclonal antibody M195 (ATCC No. HB 10306). ^ in one embodiment, the therapeutic agent comprises 

The hybridoma which produces the monoclonal antibody Iodine- 13 1 and the sufficient amount comprises from about 

designated M195 has been deposited with the American 50 mCi to about 200 mQ. In another embodiment, the 

Type Culture Collection in RockviHe, Md., U.S.A. 20852, therapeutic agent comprises Yttrium -90 and the sufficient 

under ATCC Accession No. HB 10306 on Dec. 14, 1989. amount comprises from about 10 mQ to about 50 mQ. In 

This deposit was made pursuant to the provisions of the yet ar»^ther embcK&roent, the thaapeutic agent comprises 

Budapest Treaty on the International Recognition of the *° Bismut-212 and the sufficeint amount comprises from about 

Deposit of Microorganisms for the Purposes of Patent Pro- 20 mCl to about 80 mCL In still another embodiment, the 

cedure (Budapest Treaty). therapeutic agent coirjprises Iodine- 123 and the sufficient 

Also, one may obtain such a polypeptide by nonrecom- amount comprises from about 100 mCi to about 300 mCi. 

binant methods, such as for example, proteolytic digestion. ^ This invention additionally provides a method destroying 

A diimeric antibody comprising such a recombinant a human patient's natural bone marrow cells which com- 

polypeptide is also provided, particularly a chimeric anti- prises administering to the patient an amount of the thera- 

body comprising the amino add sequences of a human peutic agent according to the invention sufficient to destroy 

framework region and of a constant region from a human the patient's bone marrow cells under conditions such that 

antibody so as to "humanize** or render nonimmunogenic the 55 the therapeutic agent binds to, is internalized by, and 

hypervariabie region of the mouse M195 monoclonal anti- destroys the bone marrow cells. 

^°^y* Thus, the therapeutic agent may comprise monoclonal 

This invention also concerns a therapeutic agent oompris- antibody M195 (ATCC Accession No. HB 10306) and a 

ing such a chimeric antibody and a cytotoxic agent conju- cytotoxic agent conjugated thereto, the amount of antibody 

gated thereto. ^ may be from about 0.01 mg. to about 50 mg; and the 

Of particular interest are therapeutic agents wherein the therapeutic agent may be administered intravenously, 

cytotoxic agent is a radioisotope, such as an alpha particle Additionally, this invention concerns a method of treating 

emitter, for example one selected from the group consisting leukemia which comprises removing bone marrow ceils, 

of Lead-212, Bismuth-212, and Astatine-212 including leukemia cells, from a human leukemic patient; 

In one embodiinent of the therapeutic agent, the alpha 65 contacting the bone marrow cells so removed with a suffi- 

particle emitter is conjugated to the chimeric antibody by cient amount of the therapeutic agent of the invention to bind 

means of a bifunctional chelate. to, be internalized by, and thereby destroy the leukemia cells 
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present in the bone marrow cells; and autologously reinfus- ul of RFMI with 10% fetal calf serum (FCS) were allowed 

ing the resulting bone marrow cells into the patient to settle and attach to concanavalln A-coated (Pharmacia) 

Preferably, the contacting of the bone marrow cells, includ- Terasaki 60-well plates (NUNC) for 45 min at 20° C. as 

ing leukemia cells! removed from the patient is effected in described (32, 33 Ref.b). Hybridoma supernatants were 

the presence of rabbit or guinea pig complement 5 tested for reactivity on these cells using PA-coated human 

Additionally, this invention concerns a method of diag- 0" red blood cell rosettes as indicators (32 Ref.b). 
nosing acute or chronic leukemia in a human patient which Cells and Cell lines. Heparinized peripheral blood 
comprises administering to the patient an antibody accord- samples and bone marrow aspirates were obtained from 
ing to this invention labelled with an imaging agent under healthy volunteers and patients on the Leukemia Service at 
conditions so as to form a complex between the antibody and to Memorial Hospital after informed consent. Mononuclear 
any leukemia cells present in the patient, imaging any cells were separated on Ficoll-Paque (Pharmacia), and 
complex so formed, and thereby diagnosing acute or chronic adherent cells were isolated from the nonadherent mono- 
leukemia Preferably, the imaging agent is internalized into nuclear cells by plastic adherence for 2 hr. at 37° C. 
the leukemia cells. Polymorphonuclear leukocytes were purified from contami- 

In one embodiment, the antibody is monoclonal antibody 13 native red blood cells after dextran sedimentation at lxg for 

M195 (ATCC Accession No. HB 1030(3) and the imaging 60 min by arnmonium chloride lysis in Iris buffer at pH 12. 

agent is a radioisotope such as a r>ositron-einrtting radio- Platelets were separated from the Ficoll-Paque interface 

metal; a gamma-<anmitting radiometal; Iodine- 131; Iodine- cells by differential centrifugation. E-rosette-positive and 

123; Indium- 111 or Technetium-99m. negative fractions of mononuclear cells were separated after 

Finally, this invention provides a method of introducing or 20 incubation and ncuraniinidase- (Calbiochem) treated sheep 

carrying eeaetic Monastics into Ivjtez** ostts which red blood cells (GIBCO), followed by Ficoll-Paque gradient 

conq)rises"coniac*ing cells with the antibody of mis tcven- centrifugation and lysis of red cells with ammonium chlo- 

tion to which the genetic iaformaticn is attached or with ridc - 

which it is associated, so that the antibody binds to the cells Hematopoietic cell lines (Table 1) and nonhematopoietic 

to form a complex, which is thereafter internalized into the 25 cell lines (Table 3) were obtained from the human tumor 

cells, so as to thereby introduce or carry the genetic infor- banks of the Human Cancer Immunology Laboratory at 

motion into the cells. Sloan-Kettering Institute; 1F10 and 1F10 (mono), an HL60 

In one emrxxliment, the genetic iiiformation is in a subclone and its monocytic differential form, were the gift 

retroviral vector attached to the antibody. ^ of Dr. Y Cayre, Sloan-Kettering Institute (34 Ref.b). 

Serologic Assays; Immune Rosetting. Antibody spedfic- 

EXFfctUMENT 1 ity W as determined on adherent cell lines plated in 60 well 

This experiment and in experiment 2 describes a mouse Terasaki plates using Staphylococcus aureus PA or rabbit 
monoclonal antibody, M195. which defines an antigen antimousc Ig-coated human O red blood cells prepared as 
restricted to early myeloid cells, monocytic cells, and 35 described (32 Ref.b) as indicators. Suspension target cells 
ANLL. The antigen appears to be carried on the CD33 are assayed using the same indicator cells except that the 
protein. The antigen is not detectable on any other adult target cells were attached to Terasaki plates irnmediately 
tissues and thus may be useful in the study of myelomono- before testing using Concanavalin A (33 Ref.b). This assay 
cytic differentiation and in the diagnosis and therapy of is sensitive to concentrations of mAb M195 of about 1 ng/ml 
ANLL. This experiment describes the distribution of the ^ binding to HL60. Cells were considered negative if no 
antigen on cell lines, normal tissues, and mature hemato- rosettes formed below an ascites dilution of 200 and absorp- 
poietic cells. The antibody's biological activity, affinity, and tion analyses were also negative. Ascites fluids were con- 
quantitative distribution on individual cells are presented. sidered "weakly positive** on a cell line if greater than 50% 
. . , „ v _ . of cells formed rosettes at dilutions between 200 and 100, 
^ MATERIA^ AND METHODS ^ 000. "Weakly positive" cells were confirmed as reactive by 

mAbs. mAb M 195 was produced from hybridomas result- absorption analysis (see below). Ascites from mice bearing 

ing from a fusion of SP2A)-Agl4 mouse myeloma cells and hybridomas were considered positive with a cell line if 

the spleen cells of a 5-week-old BALB/c mouse immiinized rosetting of cells occurred at a dilution of greater than 

with leukemia cells from a patient with ANLL (PAB-M2). 100,000. If purified antibody was used, cell lines were 

Supernatant fluids from cloned hybridoma cultures were ^ scored '^itivc'' for rosetting at concentrations below 50 

screened against a panel of leukemia cell lines and the ng/ml and "weakly positive" at concentrations of 50-500 

original ANLL leukemia cells using Staphylococcus aureus ng/ml. Reactivity was also confirmed by direct radioimmu- 

protein A (PA) erythrocyte rosetting (see below). The repeat- noassay and by complement fixation assays (see below), 

edly sub-cloned M195 hybridoma was expanded in the Absorption Analysis. Two to ten million cells were 

peritoneal cavity of doubly pristane-primed (C57BIV6x J5 wa shed in PBS and pelleted at 500xg in a 5x50 mm glass 

BALB/c) Fl mice. tube and allowed to react with an equal volume of ascites 

M195 was purified on PA-Sepharose (Pharmacia) by diluted to a concentration four times that needed to form 

affinity chromatography using sequential pH step elutions. 50% rosettes on positive cells: HL60 ceils or the immuniz- 
Purity was determined on sodium dodecyl sulfate (SDS)- ing ANLL cells. (This was typically a dilution of ascites of 

polyacrylamide gels stained with Coomassic brilliant blue. w 100,000-200,000.) The absorption proceeded for 30 mixL at 
Control antibodies included mAb AJ2, reactive with a 4° C, and the mixture was again pelleted at 500xg. The 
broadly expressed cell surface antigen (VLA) produced at supernatant was reacted with target cells lines in rosetting 
Sloan-Kettering (31 Ref.b), and mAb M31 (reactive with the assays as described above. 

Lewis X antigen) developed in this laboratory Antibody-dependent Cellular Cytotoxicity (ADCC). 

(unpublished). 65 Assays to determine if M195 was capable of mediating 
Screening of Hybridoma Supernatants. Four thousand ADCC were conducted essentially as described by Welt et 
cells (HL60) or the original inimunizing ANLL cells) in 10 aL (35 Ref.b). Target cells were incubated in 51 Cr for ninety 
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minutes and then washed of free 51 Or. M195 antibody was pg/ml. Positive and negative Ig controls were included in all 
added at concentrations of 1-100 ug/ml on ice, and fresh studies. Goat anti-mouse IgG peroxidase conjugates (1:50 
peripheral blood mononuclear cells added at effector to, dilution) (Tago, Burlingame, Calif.) or biotinylated horse 
target ratios of 10-40/1. Cells were incubated at 37° C. for anti-mouse IgG with Avidin-biotin peroxidase complexes 
6-18 hr and harvested using a Skatron cell harvester, and 5 (Vector Laboratories, Burlingame, Calif.) were used as sec- 
released sl Cr was counted in a Packard gamma counter. ondary reagents. Diammobenzidine was used as a chro- 
Detergent lysed cells were used as a 100% control, and mog cn. For fluorescence studies, goat anti-mouse Ig fluo- 
isotype matched irrelevant antibody treated cells were used mctiu isothiocyanatc conjugates (Becton-Dickenson) were 
as a negative control. uscd as secondary reagents. 

RadioiodinatioQ and Radioimmunoassays. Purified and- 10 

bodies were labeled with Na- A25 I (New England Nuclear) Modulation of Cell Surface Antigen. Modulation of the 

using chloramioe-T to start and sodium metabi sulfite to stop ^11 surface antigen detected by mAb M195 after antibody 

the reaction. Specific activity was between 2 and 10 uCi/ug binding was monitored by complement mediated cytotox- 

of protein. Immunoreactivity was between 40 and 60% as icity (36 Ref.b). HL60 cells were incubated with various 

determined by serial binding to an excess of live HL60 cells. 15 concentrations of M195 IgG for up to 3 hr at 37° G 

Radioimmunoassays were conducted on 5x10* live cells in Additional antibody and rabbit complement were added at 

100 ul RPMI with 10% PCS and preincubated 15 min. with several time points and the amount of cell lysis was deter- 

2% heat inactivated normal rabbit serum to block nonspe- mined 45 min later. 

afk binding. Binding proceeded at 4° C for 90 min . . ^ m ^ A , a . * r „^ w «„ 

followed by the tree washes with RPMI/FCS. Bound radio- 20 Ehfferentiauon of HL60. A cloned variant of HL60, IF10 

activity was measured in the ceil pellets in a Packard ganma < 34 a * d ir -= differentiated monocytic variant 

counter. (incubation with vitamin D 3 and phorbal myri state acetate 

Preparation of F(ab)7 Fragments. One mg of purified for 3 ^ to P™*** maturation) were used (34 

immunoglobulin was reacted at 37* C for 6 hr with immo- Rcfb >' Both hnt$ wcrc Provided by Dr. Y. Cayre. 
bilized pepsin beads (Pierce Chemicals) in acetate buffer at 25 

pH 4.5. The reaction was stopped by adjusting the pH to 8.8 RESULTS 
and sedimcnting the pepsin beads at 15,000xg for 1 min. 

Undigested immunoglobulins and Fc fragments were Distribution of M195 Antigen on Hematopoietic Cell 

removed by reaction with Protein A Sepharose (Pharmacia). Lines. mAb Ml 95 was selected for detailed study from a 

Purity of fragments was determined by SDS-poiyacrylamide 30 group of several hundred hybridoma-produced antibodies 

gel fractionation followed by Coomassie blue staining. generated from the fusion of a spleen from a mouse immu- 

Competition Radioimmunoassay for Blocking Antigen in nized with fresh live ANLL cells (FAB classification, M2). 

Serum. Serum from patients with hematopoietic neoplasms The antibody showed specific high titer binding in 

was obtained from fresh clotted blood and stored at -70° C. 35 PA-rosette assays to the myeloid and monocytic cell lines, 

until use. The presence of blocking M195 antigen in sera HLG0, KG1, IF10, U937, and the monocytic variant of IF10 

was assayed by incubating 50 ul of freshly thawed serum (Table 1). mAb ml95 was weakly reactive with the eryth- 

and a dilution of 1 ^-labeled mAb M195 1^ for 20 min at roleukemic line K562 and not reactive with KG la, an 

4° G M195 IgG was at a concentration sufficient for 50% undifferentiated myeloid line. mAb M195 did not react with 

maximal binding to 5xl0 5 HL60 target cells. The cells were ^ 1 g n QCS of B ccU origin at various stages of differentiation 

then added and the incubation contuued for 60 min at 4° C DOr with 10 lines of T cell derivation. One null lymphocytic 

followed by two washes with RPMI medium. Inhibition of iinC( N-AUL-1, was weakly reactive. Activated B cells and 

M195 IgG binding was scored as the percent decrease in activated T cells did not express antigen. Non-reactive cell 

binding to HL60 as compared to mAb M 195 incurred in the were confirmed as negative by absorption assays which 

r*esenceof2%boviiieserumata 45 ^ detect about 1 ng of M195 binding in 1,000,000 cells; 

competing sera. rosetting assays detect binding at antibody concentrations of 

Complement-mediated Cytotoxicity. Twenty-five ul of about 1 ng/ml. mAb AJ2 was used as a positive control in 

target cells at 2xi0 6 cells/ml were mixed with 25 ul of these assays where most cells were Ml 95 antigen negative, 

complement aad 25 ul monoclonal antibody at 4° C The This panel of cell lines showed that among hematopoietic 

mixture was then incubated at 37° C and occasional shaking 50 cells M195 was restricted to the nonlymphoid lineages: it 

for 45 min. Live and dead cells were enumerated using was most highly expressed on committed myeloid and 

trypan blue exclusion as an indicator. monocytic cell lines and more weakly expressed on eryth- 

Guinea pig serum and baby rabbit serum were purchased roid and earliest myeloid cells, 
from PelFreeze; human sera were obtained from volunteers. 

All complement sources were stored at -70° C. until use and 55 TABLE 1 

not reused. Complement was used at the ma ximum concen- — — ^— — 

trations not showing nonspecific lysis of the target cells: Reactivity of M195 with Hematopoietic CeU Lines 

generally at 1:6-8 final dilution. ^ 

Indirect Immu coper oxidase and Immunofluorescence Cell M195 (positive control) 

Assays. Histologically normal adult human tissues were 60 Myeloid wp p 

obtained from surgical pathology specimens within 1-2 hr K562, HL60 po pp 

of resection. Several normal specimens of organs from kg-i, kgu p p 

several cases were used. Tissues were embedded in OCT 1F1 ° 

compouQd after freezing in iopenthane/liquid N 2 . Tissues Monocytic 

were cut 4-8 urn truck, fixed in acetone, quenched with 0. 1 % 65 0937, if 10 pp pp 

H 2 0 2 , and blocked with either goat or horse sera. MAb THP-i 0 
M195 was used as supernatant, ascites, or purified IgG at 20 
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TABLE 1 -continued 
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Reactivity of M195 with Hematopoietic Cell Lines 
Cell M195 



AJ2 

(positive control) 



Pre-B cells 

NALL-1, NALM-1 00 
NALM-6, NALM-1 6 00 
B cells 

SKLy-16, -18, Daorii, 000 
ARA-10, SK DHL-2, Rsji 000 
OCRF-SB, LICR/My-2 00 
BALL-1 
Myelomas 

Oda, U266, RPMI 8266 000 
RCS, HAS, Brown 000 
EBV-traas formed B oelb 0 
(n = 15) 
T cells 

T^45, CCZ?<ttl, Moh 4 * 000 
TAIJb-1; MT1, HUT-102 000 
RPMI 8402, CCRF-HSB2 00 
plZ/chikawm, HFB-ALL 00 
PHA Masts 0 
(n=5) 



10 



P 
PP 



P = positive; W = weakly positive; 0 = negative 

• As determined by direct Protein A and mhxd beine-adheience losteiin^ and 
absorption assays u described in the text. 

Quantitative Analysis of Binding to Myeloid Cell Lines. 
In order to confirm the results of resetting assays and 
absorption assays and to look at quantitative differences in 
the expression of the M195 antigen among the myeloid and 
monocytic cells a sensitive radioimmunoassay using direct 
binding of l25 I-labeled purified M195 was used. Many of the 
hematopoietic cells have Fc receptors in addition to ox 
instead of target antigen on their surfaces, and binding of 
radiolabeled IgG to these Fc receptors may confound the 
quantitative results of the radioimmunoassay. Therefore an 
F(ab')2 fragment of M195 was prepared and used in the 
assays to confirm the number of antigenic sites. 

Binding of M19S IgG to HL60 showed saturation and 
specificity (TIG. IA). Scatdiard analysis showed an avidity 
of binding of 3x10 s " lilers/mol (FIG. IB) for the IgG. The 
number of binding sites calculated from this curve was 
approximately 100.000 per live HL60 cell. Scatchard analy- 
sis of several lots of M195 IgG on different passages of 
HLtjO gave equivalent results. Analysis of purified F(ab)7 of 
M195 (FIG. 1Q showed similar avidity (10* tfters/moi) 
cells and numbers of binding sites (10,0OCVHL60 cell), 
suggesting that binding activity was not significantly altered 
by protease digestion of the fragment 

Both the intact IgG and the F(ab)'2, fragment were used 
for radioimmunoassays on hematopoietic cell lines (FIG. 2). 
Non-specific binding (binding of " 5 I-M195 in the presence 
of excess unlabeled M195) under the conditions of mis assay 
was approximately 200 pg ( 1600 molecules) per 5x10 s cells. 
Therefore, only binding above this level was considered 
significant Since the assay was done under saturating con- 
centrations of M195 IgG or F(ab)7, the total binding could 
be used to calculate the number of sites per cell HL60, IF10, 
and U937 had 6000-12,000 sites per celL KG1 had about 
3000 sites per cell. Binding to KG la and K562 was not 
above the background of nonspecific binding (1600 sites), 
and the nonmyeloid cell lines were negative. The assays 
confirmed the specificity of M195 for these myeloid and 



monocytic cells and showed that binding was not Fc recep- 
tor related. The three cell lines positive by resetting and 
absorption had similar quantities of M19S antigen expres- 
sion. 

Reactivity with Fresh Normal Hematopoietic Cells. M 195 
was tested by absorption analysis for reactivity with live 
peripheral blood elements and cells derived from the major 
hematopoietic organs (Table 2). mAb M31 was used as a 
positive control. No reactivity was seen with M195 on any 
of these cell types. 

Quantitative Analysis of Binding to Hematopoietic Cells. 
Direct radioimmunoassays were performed on fresh 
hematopoietic cells to confirm reactivity and quantitative 
binding (Table 2). Red blood cells, platelets, spleen cells, 
15 bone marrow cells, and peripheral blood mononuclear cells 
were negative. Polymorphonuclear leukocytes showed bind- 
ing to the intact IgG at about 800 sites per cell above 
background but did not show significant binding to the 
F(Ab)7 fragment suggesting mat even this minimal binding 
was via the Fc receptors. Peripheral blood adherent cells 
(macrophages) were positive and binding to the F(Ab)*2 
showed about 5000 antigen sites per celL Binding to periph- 
eral blood E-rosette negative cells was marginally above 
background, possibly due to the presence of a small per- 
centage of macrophages contained in this population. With 
the exception of macrophages, the direct radioimmunoas- 
says shown here confirmed the specificity analysis by 
absorption. The lack of reactivity with macrophages in the 
absorption assay may be due to the inability to obtain the 
large quantity of viable cells containing enough antigen 
necessary to absorb M195 (1,000,000 macrophages with 
5000 antigen sites per cell would absorb only about 1 ng of 
antibody). Lack of binding in these radioimmunoassays 
would rule out the presence of some M195 positive cells 
within a large heterogeneous population as in bone marrow, 
for example. 



20 



30 



33 



40 



45 



TABLE 2 



Cell Type 




AasavTVoe 




Absorption 


Radio- 

ifknykiii af^aismy 


Lysii 


T-enriched PBL D 








B-earicbed PBL 








Graulocytes 








Adherent monocytes 






+ 


Platelets 






NTT 


Red blood cells 






ND 


NousdbtrentPBMC 


ND 






Splenic T esriched 


MD 






Splenic B flinched 


ND 






Spasolc rooooDDclcxr 




ND 


_4 


Bone dbuiccw mononuclear 






_4 


Lymph node momiaclear 




ND 


ND 


Fetal thymocytes 




ND 


ND 



53 •Conducted as described in the text 
*PHL = peripheral blood lymphocytes; 
PBMC = peripheral blood mononuclear cells. 
*ND = not done 
d N«iadherenl cells 

60 Complement-mediated Cytotoxicity Assays. 
Cormilemert-mediated cytotoxicity was also used to con- 
firm specificity. Assays were first done to determine if mAb 
M 195 was capable of killing cells in the presence of rabbit, 
guinea pig, and human sera as sources of complement 

65 Enzyme- linked immunosorbent assays showed mAb M195 
to be an IgG2a class immunoglobulin, which is generally 
able to fix complement Using HL60 as targets. Ml 95 was 
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capable of killing cells in the presence of guinea pig and 
rabbit complement but not human complement In the pres- 
ence of human complement, kilting rarely occurred and was 
only 10-15% above background at its highest. Cell lines not 
expressing the antigen were not killed. No killing occurred 5 
in the absence of antibody or a source of complement. 

Cytotoxicity was antibody concentration dependent and 
complement concentration dependent (FIG. 3). However, at 
concentrations of 10 ug/ml or greater of M195, nearly all 
cells were killed even with rabbit serum diluted 30-folcL to 

The complement assay was used to confirm the specificity 
analysis derived from the absorption assays and radioim- 
munoassays (Table 2). Complement assays are not con- 
founded by Fc receptor binding and are able to determine 
percentages of cells within a large population which are 15 
antigen positive. Assays were conducted at 10 and 100 ug/ml 
M195 with rabbit serum diluted to 1:18 final concentration. 
HL60 and fresh monocytic leukemias were used as positive 
controls and B cell lineage RAH cells and chronic lympho- 
cytic leukemia cells were used as negative controls. 20 
Complement and antibody alone controls: were also 
included Background killing was between *1^55*ito the 
controls without antibody or complement and 5-10% in the 
spleen E-rosette negative cells. Because of this background 
of several percent, It is not possible to determine if positive 25 
cells are present in a sample at this level or lower. 

Only one population of mature normal hematopoietic 
cells showed killing above background using M195 and 
rabbit complement: peripheral blood adherent cells. Among 
three samples of adherent cells, 35-50% of cells were killed, 30 
showing (hat a subpopulation of these cells expressed the 
M195 antigen. This assay confirmed the radioimmunoassay 
data. 

In chronic myelogenous leukemia (GML) mononuclear „ 
cells, a low percent of cells (5-6%) were killed above 
background (not shown). The cells comprising the CML 
mononuclear cell population include blasts through band 
forms with a predominance of the more mature myeloid 
cells. Morphologic analysis of these cells before and after ^ 
antibody and complement treatment did not show which 
cells, if any, had been selectively killed. Because peripheral 
blood cells from patients with CML represent the fall, 
spectrum of maturing myelogenous cells, this- lack of sig- 
nificant cytotoxicity confirms the lack of reactivity^bf M 195 
with the vast majority of adult myelogenous cells. HS 

Reactivity of M195 and Differentiated HL60 Cells. IF10 
cells and differentiated monocytic EP10 cells were provided 
by Dr. Won Cayre. One hundred percent of the IF 10 cells 
became morphologically changed and adherent The reac- 50 
tivity of M195 was tested by both rosetting and radioim- 
munoassays before and after differentiation. In the differen- 
tiated monocytic 1F10 cells there was a 40% loss of antigen 
expression by radioimmunoassay. Rosetting assays 
remained positive but the titer of binding dropped 10-fold. 55 
Quantitative binding to the differentiated 1F10 was similar 
to fresh normal adherent monocytes, suggesting the loss of 
antigen with monocytic differentiation among fresh hemato- 
poietic cells was paralleled by this model line in vitro. 

ADCC Assays. M195 did not show any ability to mediate 60 
ADCC against HL60 cells or U937 under the conditions 
described in Materials and Methods. These cells are the 
highest expressors of the antigeik among those tested. 

Reactivity of M195 with Nojuhematopoetic Cell Lines. 
M195 was tested for reactivity with 70 cell lines derived 65 
from a wide spectrum of cancers (Table 3). No reactivity was 
seen. Monoclonal antibody AJ2 was included as a positive 
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control and was positive in every case tested. Therefore, the 
M 195 antigen appears to be restricted to hematopoietic cells. 

TABLE 3 a 

Reactivity of M195 with Ncn-Hematopoietic Cell lines 



AJ2 

(positive 
M195 control) 



Astrocytomas 


SK-MG-1,-2,-3. 


000 


p 






000 


p 




-12,-15,17,-23 


0000 


p p 


Bladder cancels 


T-24. 253 1,5637 


000 




Breast cancers 


SK-BR-3,-5,-7 


00 






BT-2Q,MCF-7 


00 


p 


Cervical cancers 


CC-A, COB, OT3 


000 


ppp 




C41 


0 


p 


Choriocarcinomas 


GCCSV(c), Lu-75(c) 


00 




Colon cancers 


SW-403,-480,-620 


000 


ppp 




-116,-1417 


00 


pp 




HT-29,SK-CO-10 


00 


pp 




CaCo-241CT-15 


00 


pp 


Uin* Cancers 




000 


pp 




-$,9,-10^17 


0000 


p p 




Calu-l.^Si-Uvl 


000 


ppp 




SK MES-1 


0 


p 


Metanas 


SKMEL-13,23,-28 


000 


ppp 




-29,-37,-93 


000 


ppp 




-173, MeWb 


00 


p 


Neuroblastomas 


SK-N-MCJPNDW 


00 


pp 


Ovarian cancers 


SK-OV-3,OV-27M 


00 


p 


Pancreatic 


ASPC-1,-2 


00 


pp 


Renal cancers 


SK-RC,-l,-2,-7 


000 


p 




-8,J9,-2Q,-28, 


0000 


pp 




-29,-45,-48 


000 


ppp 


Uterine cancer 


MB 180, SK UT-1 


00 


pp 



"Conducted as described in the text 



Tissue Distribution of M195. The reactivity of M195 with 
human tissues was determined in indirect immunofluores- 
cence and indirect immunopcroxidase assays on fresh frozen 
tissue (Table 4). Among 25 different tissue types, reactivity 
was seen only with trophoblast This reactivity was pre- 
dominantly cytoplasmic (FIGS. 4A and 4B). These data on 
fresh tissue are consistent with the specificity data obtained 
from the assays with cell lines above. 

TABLE 4 



Tissue Distribution of M195* 



Tissue Fluorescence Peroxidase 



Adrenal 0 0 

Bladder 0 0 

Blood veaaels 0 0 

Brain 0 0 

Breast 0 0 

Capillaries 0 0 

Cervix 0 0 

Colon 0 0 

Heart 0 O 

Kidney 0 O 

Liver 0 O 

Lung 0 0 

Lymph node 0 0 

Ovary 0 0 

Pancreas 0 

Placenta 0 0 

Prostate 0 0 

Skin 0 0 

Small Intestine 0 0 

Stomach 0 0 

Th;Ks 0 0 

Thyroid 0 0 

Iropboblast P 
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TABLE 4-continued 
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Tissue 



Tissue Distribution of M195* 
Fluorescence 



Peroxidase 



Ureter 
Uteru* 

HL60 (positive control) 



0 
0 
P 



0 - negative, P = positive sttirung 

"Conducted as described in the Materials and MrHhorts 

M195 Reactivity with Fresh Leukemias. M195 reacted 
with most myelogenous leukemias and rarely with lymphoid 
leukemias in ro setting assays. Because of the nature of the 
resetting assay, it was not possible to determine which cells 
were reactive or what percentage of blasts were positive. 
These issues and a detailed analysis of the specificity and 
activity of M195 in comparison to standard cell surface 
markers are presented in the accompanying paper (30 
Ref.b). 

M19J Blocking Antigen iz *&runL In order to determine 
if the M195 antigen was shed into sera from hematopoietic 
ceiis. sera from people vrita a variety of leukemias and 
lymphomas or from healthy individuals were tested for 
soluble antigen capable of blocking of the binding of radio- 
labeled mAb M195 to HL60 cells (Table 5). Three of 39 
human sera blocked binding significantly. The blocking was 
not complete. One serum was from a patient with CML. Two 
sera of six patients with acute lynrphocytk leukemia par- 
tially block binding. The leukemia cells from both of these 
patients were not reactive with Ml 95 antibody suggesting 
that the blocking antigen was not shed from these cells or 
that the blocking activity was not specific These data 
suggest that M195 antigen in the serum would not be 
capable of preventing mAb M195 from reaching target cells. 
Because the sensitivity of this assay is about 200 ng/ml of 
M195, it is possible that M195 is expressed at lower levels 
than this in sera. In addition, monovalent antigen with low 
avidity for the M195 IgG may be present but unable to block 
binding. 

TABLE 5 



Serum. Source 


Number Tested 


Number Blocking* 


Normal 


6 


0 


AML 


13 


0 


CML 


6 


1 (52%)* 


ALL 


6 


2 <56%,67%) 


NHL/CLL 


8 


0 


Rabbit, mouse, bone 


5 


0 



20 



23 



*A scrum able to reduce by 50% or more, direct binding of 200 og/ml 
rttrfimioritiutori M195 to HL60 target cells, 
lb© percent reduction by each positive sctuiil 

Antigenic Modulation. The ability of M 195 to induce 
modulation of the antigen from the surface of HL60 cells 
was studied using complement-mediated cytotoxicity. HL60 
cells were reacted with Ml 95 at various concentrations, and 
the ability of M195 to kill the cells with added rabbit 
complement was measured versus time (FIG. 5). At the 
highest antibody concentrations complete modulation 
occurred within 3 hr. That is. the addition of complement to 
cells preincubated with mAb M195 for 3 hr resulted in no 
killing. Modulation was incomplete in cells exposed to 
lower mAb IgG concentrations. Other studies (to be pub- 
lished elsewhere) demonstrated that the modulation 
occurred via antigen internalization after antibody binding. 



Biochemical Nature of the Ml 95 Antigen. Treatment of 
HL60 cells with 100° C. for 1 min eliminated all binding 
activity in radioimmunoassays and rosetting assays. This 
suggested that the antigen epitope is carried on a protein. 

5 However, treatment with trypsin, protease, and neurarnini- 
dase had no effects on binding of mAB M195 to HL60 cells. 
These experiments, therefore, did not confirm the biochemi- 
cal nature of the antigen. Repeated attempts to immunopre- 
cipitate the antigen for 35 S-rnethionine-labeled cells or cells 

10 surface-labeled with iodine-125 using lactoperoxidase were 
unsuccessful. Wester imrnunoblotring on HL60 extracts 
were also negative. Although we were unable to identify the 
target, other data shown in the accompanying paper (30 
Ref.b) indicated that the antigen was carried on the CD33 

is protein. 

DISCUSSION 

This paper details the specificity of a new mouse mAb, 
M195, which is reactive with myelogenous leukemias, early 
myeloid cells and some monocytic cells. Qualitative and 
quantitative analyses of the mAb's binding, its biologies! 
activity, and its immunological functions are described. 

Since two potential uses of M195 are diagnosis and in 
vivo therapy of ANTJL, a comprehensive definition of its 
reactivity with all tissues and cells of the body was under- 
taken. Several assays were used in the specificity analysis of 
M195 on fresh cells and cell lines. Rosetting assays which 
are sensitive enough to detect 1 ng of mAb M195 per ml 
3Q were used initially for specificity analysis. Direct radioim- 
munoassays using iodine-125 IgG and F(Ab)*2 were used 
next in order to quantitate the number of antigen sites 
expressed on various positive cells. The F(Ab)'2 has the 
advantage of defining non-Fc receptor binding quantita- 
35 tiveiy. Finally, a complement fixation assay was used to 
analyze reactivity. Since biological activity after binding to 
antigen in an appropriate fashion is required in this assay, the 
effects of nonspecific binding are reduced. Indirect immu- 
nofluorescence followed by confirmation with indirect 
40 immunoperoxidase assays were used to define M 195 antigen 
expression on a broad spectrum of normal tissues. These 
results supported data obtained from the rosetting and 
absorption analysis on cell Enes. Because the tissues were 
frozen sectioned and fixed, binding to cytoplasmic as well as 
45 membrane antigen could be detected in these assays. 

M195 was found to bind specifically only to myeloid cell 
lines and monocytic cells. Lymphoid cells, including periph- 
eral blood T and B cells, lymph node, spleen, and bone 
marrow cells, T and B cell lines representing pre-B, early B , 
so B, and late B cell stages and T cell leukemias, and activated 
fresh B and T cells, did not express the M195 antigen. Red 
cells and platelets were also negative. Among 95 nonhe- 
matopoietic cell lines and nonhematopoietic tissues, only 
trophoblasts were reactive with Ml 95. This activity 
55 appeared to be cytoplasmic. The presence of myeloid anti- 
gens in the cytoplasm of choriocarcinoma cells but not 
normal trophoblast has been reported (37 Ref.b), but its 
significance is unknown. 
With the myelomonocytic lineage, the distribution of 
60 M195 antigen was even further restricted. Polymorpho- 
nuclear leukocytes were noi reactive nur could significant 
binding be demonstrated in normal bone marrow mono- 
nuclear cells. A small percentage of cells from the peripheral 
blood mononuclear cells from patients with chronic myel- 
ogenous leukemia were positive. These samples contain 
largely granulocytic percursors up to the band stage. The 
lack of reactivity with polymorphonuclear leukocytes and 
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this slight reactivity with CML suggests that the vast major- 
ity of mature and precursor myeloid cells do not express 
Ml 95 antigen. In contrast, myeloid leukemia lines and fresh 
myeloid leukemias were strongly positive. Cell lines repre- 
senting the earliest myeloid cells or erythroid cells were 
either negative or less positive than the myeloid cell lines 
representing later leukemias. These data place the M195 
antigen expression to cells in the early to middle part of 
myeloid differentiation: the antigen is not present at first and 
is lost as the cells mature toward granulocytes. 

Among monocytic cells, M195 reacted with both mono- 
cytic leukemia lines and a fraction of mature peripheral 
blood adherent cells. It was present on the HL60 variant 
IFLO, and in reduced amounts after monocytic differentia- 
tion of IF 10 with vitamin D3 and phorbal esters. Likewise, 
AMOL blasts contained about 10,000 sites (30) compared to 
macrophages with 5000 sites. Therefore, like its expression 
on granulocytic precursors, the expression of the M195 
antigen or monocytic cells appears to be maturation depen- 
dent 

Analysis of quantitative binding to HL60 cells gave an 
avidity of binding of the M195 IgG of 3x10* liters/moL 
Binding was saturable and cell number dependent These 
data showed that positive cell lines expressed about 10,000 
antigen sites per cell. Therefore, M195 was rather weakly 
expressed compared to many other cell surface antigens. 
Although we have been unable to identify the target antigen 
of mAb M19S. several of its features suggest it is a polypep- 
tide. The antigen is heat labile; there are small numbers 
expressed on the surface. The antigen is rapidly modulated 
after antibody binding, and the antigen was detected by an 
IgG2a (which is this laboratory rarely identify 
carbohydrate). 

The extremely restricted expression of this antigen among 
the cell types tested, the biochemical features noted above, 
including rapid modulation and internalization, and the 
small number of sites per cell all suggested that the M195 
target may be a receptor important in growth and differen- 
tiation of myeloid progenitors. However, studies of the 
effects of M19S alone cn the growth of myeloid cell lines, 
peripheral blood mononuclear cells (data not shown), and 
colony forming units (30 Ref.b) have not so far shown any 
stimulating or inhibiting effects of the mAb. 

mAbs reactive with restricted myeloid antigens may be 
useful in a least four areas. 

A) Study of the Growth and Differentiation of Myeloid 
and Monocytic Cells. Of the many antigen and antibody 
systems that have been described in myclomonocytic 
differentiation, three systems which have defined different 
states of myeloid maturation have been most widely studied: 
the CD34 system (mAbs MY10, 12.8, 3C5) (19^-21 Ref.b) 
which identifies a gpll5 found on the earliest hematopoietic 
progenitors, both lymphoid and myeloid, and which rapidly 
disappears upon differentiation is also found on some non- 
hematopoietic tissues including endothelium. mAbs to mis 
antigen have been used to purify progenitors for reconsti- 
tution of bone marrow (18 Ref.b). The CD33 antigen system 
(mAbs MY9, L4F3, L1B2) (24-27 Ref.b) identifies a gp67 
(17 Ref.b) restricted to early myeloid and monocytic cells. 
It is absent from the earliest hematopoietic progenitors and 
other normal tissues and has been used to eliminate leuke- 
mia cells, while sparing the ultimate progenitors, from bone 
marrow. The CD15 antigen system (multiple mAbs) identi- 
fies the Lewis X antigen found on granulocyte colonics from 
the day 7 stage on and increases expression as cells mature 
to the polymorphonuclear cell. The antigen is also widely 
distributed throughout normal tissues (38 Ref.b). 
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The distribution of the M195 antigen detailed in this paper 
shows it to fall into the myelomonocytic-restricted second 
category. Competition binding studies and binding to CD33 
transfectants (discussed in Experiment 2 and 30 Ref.b) 
5 demonstrated that M195 was carried on the CD33 protein. 
However, cotyping on fresh leukemias showed that the 
antigen detected by mAb M195 was not identical to the other 
CD33 antigens (30 Ref.b). 

B) Diagnosis of Hematopoietic Neoplasms. mAbs useful 
10 in diagnostic applications must be lineage specific, but not 

necessarily stage specific. For this reason, the CD34 antigen 
which is also present on lymphoid cells is less useful than 
the myclomonocytic antigen systems CD 13 and CD 15 or the 
monocytic specific antigens CD14 (27, 39, 40 Ref.b). M195 
IS was restricted to myelomonocytic cells and is useful in the 
diagnosis of ANLL. 

C) Purging of ANLL from Bone Marrow. In order to be 
useful in bone marrow purging, in addition to being 
myelomonocytic specific, the mAb must spare the ultimate 

20 progenitor cell. Reactivity with other tissues outside of the 
bone marrow is not important. The ability to fiz. cojnplemcLi. 
is important but new methods to kill cells with toxins (41 
Ref.b) ex* reraove them witri magnetic beads (42 Ref.b) may 
reduce this requirement CD 15 antibodies have proven most 

25 useful in this application and are in clinical trials currently 
(12 Ref.b). CD33 antibodies may be even more useful, if 
adequate recovery of the bone marrow progenitors can be 
assured. M195, which rapidly and efficiently kills leukemic 
cells with rabbit complement, can be successfully applied to 

30 trrisrroblen^(UiiK>nR.M., 

Gasparctto C, Moore M. A. S., Oarfcson B. D.. Gee T., 
Autologous Bone Marrow Transplantation in Acute Myel- 
ogenous Leukemia (AML): In Vitro Treatment with 
Mydoid-Specific Monoclonal Antibodies (MoAbs) and 

35 Drugs in Combination. Blood 74(7):suppl<p280a abstract) 
(1989) see Experiment S). Because the antigen can also be 
found on clonogenic neoplastic cells, the mAb can also be 
used to treat lymphoid neoplasms (Hudson, Anne-Marie, 
Makrynikola, V., Kabral A.. Bradstock K. P., Immunophe- 

40 notypic . . . Blood, 74<6):2112-2120 (Nov. 1, 1989). 

D) Therapy with mAb in Vivo. This application is most 
difficult as it optimally requires limited reactivity with 
normal tissues, in addition to Sic criteria described above. Of 
the many antigen systems described for myelomonocytic 

45 cells, CD33 appears niost suited for this application in vivo. 
M195 may be used in application, but its demonstrated lack 
of cytotoxicity in the presence of human complement or 
PBMC in vitro might require that the mAb carry a cytotoxic 
isotope or toxin to be effective. Since the antigen and 

50 antibody are rapidly internalized, this therapeutic modality 
is feasible and investigations of this application have now 
demonstrated delivery of antibody and conjugated isotope to 
leukemia cells in the blood and bone marrow (Scheinberg D. 
A., Lovett D., Divgi C. R., Berman R, Finn R, Graham M. 

55 C, Pentlow K., Clarkson B. D„ Gee T. S., Larson S. M., 
Oettgen H. R. Old L. J., A Phase I Trial of Monoclonal 
Antibody M195 (Anti-CD33) In AML: Pharmacology, 
Toxicity, Radiolocalization, Dosimetry, ASCO Abstract, to 
be published in May, 1990) (Protocols). (Hudson, Anne- 

60 Marie, Makrynikola, V., Kabral A., Bradstock K. R, Immu- 
nophenotypic . . . Blood. 74(6):2 112-2120 (Nov. 1. 1989). 

EXPERIMENT 2 

65 

In experiment 1 we described a mouse monoclonal 
antibody, M195, which detects an antigen found on early 
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myeloid cells, monocytes, and ANLL cells but not on cells least one of the authors. Undifferentiated cells with negative 

of other hematopoietic or nonhematopoietic lineages (16 histochemical stains which did not appear to be lymphoid 

Ref.a). The antigen described has several features in com- and which did not meet FAB criteria for other diagnoses 

mon with the myelomonocytic antigen CD33 (4,5 Ref.a) were classified as MO (two cases only). Bone marrow 

which is found on early myeloid cells and ANLL cells but 5 aspirates and peripheral blood smears were stained with 

not on the ultimate progenitor cells (17 Ref.a). a character- McNeil's tetrachrorae (Polyscience. Warrington, Pa.) for 

istic which may allow selective killing of ANLL cells (IS morphology. Histochemical analysis included staining with 

Ref.a). In this study, we describe the specific reactivity of Sudan black B and/or peroxidase and periodic acid SchiiT, 

M 195 with ANLL among 227 different fresh hematopoietic alphanaphthylbutyrate and ASD chloroacetate esterase, acid 

neoplasms. The reactivity was similar but not identical to 10 phosphatase, terminal deoxynucieotidyl transferase (Tdt). 

that of MY9 (CD33). Cross-blocking of the binding of these Potential B cell neoplasms were analyzed by mouse red cell 

two antibodies to target cells was found. In combination resetting and by indirect immunoperoxidase for immuno- 

with MY9* M195 showed specificity in diagnosing ANLL globulin products. The presence of the sheep red blood cell 

by flow cytometry of clinical specimen. M195 bound to receptor on T cells was determined by rosetting at 37 0 C. and 

most CFU-GM. as measured by colony forming assays. This 15 4° C. (and by monoclonal antibody by flow cytometry). 

P^.f '"rt™* * Ml9 , 5 ; ^ * Determination of Bone Marrow Colony-forming Units, 

reactivity with adult tissues (16 Ref.a) make mAb M195 Bone marrow mononuclear cells were assayed for colonics 

useful id therapeutic trials in humans. derived from CFU-GM. CFU-GEM. and BFU-E as 

tout . o v „ described (13 Refo). Cultures consisted of Iscove's modi- 

MATERIALS AND METHODS » fl e d Dulbecco's medium (Gibco. Grand Island, N.Y.) with 

Monoclonal Antibodies. M195. a mouse IgG2a. was 24% fetal calf serum. 0.8% deioaized boyine serum :ubumiB 

prepared in this laboratory as described in the Experiment 1 i Slgm * ££* m }% 1 * S ~ Lou ^\\} Ao )l. 10 

(above). The following mAbs were purchased from Coulter 2-mcxcarrfocthanol (Sigma ^Chemical). 1 U p^ypunfied 

Immunology (Hialc^Fla.): MW.C^ck (CD33); B4. „ ^^^r^^^^ P ^^^^;.^Z 

and IgGl (CD19); Bl. an IgG2A (CDVKl* or U taG2As 25 T?£ N jP; ^ M °^^ ^ medL ? : 

w »m! im tZX,^ ,Zw?< 1 v JKSSZ 1-3% methylcellulose. Cultures were prepared la quadrupli- 

K^^-^ 4 ' ^ ( ™ U) i, «d MY7. an c^ Md scored on days 7 or 14. In somea^ays? adherent 

lgG2b (CD13). These were either obtained as fluorescein cells were depleted first by plastic adherence at 37° C. for 90 

isotluocyuuue conjugates or pure immunoglobulins. The m in 

following mAbs were purchased from Becton-Dickinson " _ . _,. , „ . 

(Mountain View. Calif.): MY10. an IrGI (CD34) and goat 30 , Antibod y mediated complement cytotoxicity of colony 

anti-mouse Ig fluorescein isothiocyanate conjugate of F(ab) fonmn 8 j"* was ff™" 1 ^omating the narrow 

•2. L4F3. IgM (CD33) ascites was the gift of Dr. Irwin fSSSS^ZJf^ /!t f K mon «^ nal «*Wy 

Berstdn. M31. IgM, (CD15) and OKB7. IgG2B (CD21) )p^fr«Xata^ dilution of 1* . for 10 min at 37° C. 

frcmahybr^pnn^ 35 followed by two washes with media. Alternatively, humas 

were prepared m this laboratory. serum was used as a complement source. 

Flow Cytometry, five million fresh live mononuclear „ rn jv T n . ^ VT , 

«.tic frnm K^n^ m«rro«, ~ Mr^A ~* #*« Preparation of Purified Normal Progenitor Blasts. Normal 

cells from bonemarrow or Wood from patients ; on the w Harrow cells were depicted of accessary and maturing 

Hematoto^Lymp^ Service at Memorial Hospital were ^ to obtoin cnrichod ^a^ons of progenitors by ncga 

incubated in 01 ml final volume with the fluorescein con- ^ Uve ^ltc&on m - detisitTTeparations and a panel of 

jugated monoclonal antibodies for 30 mm at 4° C and then monoclonal antibodies followed by immune rosetting or 

washed twice and fixed with 0. 1% paraformaldehyde before panning as described (13 Refji). The 12 antibodies reacted 

analysis. For indirect iinmunofluorescciicc, after the primary with cell surface antigens present on mature T. B, myeloid, 

antibody incubation for 30 min at 4° C. r 50 ul of goat and monocytic cells. Cells were then frozen in Hquid N 2 .and>, 

anti-mouse fluorescein conjugate were added for 30 rain, 45 thawed once, men reseparated on FlcoU-Paque (Pharmacia; 

followed by washing and fixing. In some samples, whole Piscataway, N.J.) before use. 
blood was analyzed by direct immunofluorescence using the 

Q prep method (QHiiter). Ten thousand cells were analyzed RESULTS 
on either an EPICS C or an EPICS profile (Coulter) flow 

cytometer. Blasts were gated for analysis. Samples contain- ^ Distribution of M195 on Hematopoietic Neoplasm The 

ing greater than 25% positive cells (using an isotype binding of mAb M195 to mononuclear cells from 227 

matched control Ig to Hwtignftt* the upper limit of negative patients as measured by flow cytometry is shown in Table 1. 

fluorescence intensity) were scored as positive. M 195 was found on majority of myeloblasts leukemias; 

0 « . w1 T * * 80% of the positive ANLL cases had greater than 50% of 

RadiO^unoassay M195 IgG2a waspunfied by pro- ^ M195 . Forty percent ofposWve cases had 

ton A affinity chromatography, radiolabeled with .odmc- 53 ^ 75% of ^ ^ ve for £195. Lympnoid 

125 and used in (Uredradinmmunoassays onbve leukemia leuta,^. lymphoproliferaUve disorders, and «her nJnmy- 

and bone marrow cells as described before (16 Ref.a). M195 eloid samples were virtually always negative (4% of cases 

was labeled to 2-10 pCi/pg protein. Specific binding was positive). 

determined by subtracting the amount of M 195 IgG2a bound . , . , ... J , 

in the presence of an excess of unlabeled M195 IgG2a. «, A quantitative analysis of the total number of binding sites 

Non-specific binding was about 400 P g per million cells ° D * V J?au ^ ^ henua % OKbc DCO P lasms „ w f 

-. ,,° .. . j.- , , ui conducted by radioimmunoassay. Our accompanying study 

(1600 sues rxx aU). Bmding a^ this level or below was (16 r^j 

therefore considered insignificant expressed approximately 10,000 antigen sites per cell The 

Morphological Designation of Leukemias. Acute leuke- same quantity was seen on fresh ANLL cells from several 

mias in patients on the Leukemia Service at Memorial 65 patients (FIG. 6). Lymphoid leukemias and rymphomas. and 

Hospital were classified according to the French- American- chronic myelogenous leukemia (CML) cells in chronic 

British (PAB) criteria (19 Ref.a) and were reviewed by at phase did not express antigen on their surfaces. 
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TABLE 1 
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Distribution of M19S on Hematopoietic Neoplasms By 
Cytometry* 



No. Tested No. Positive (%) 



Ac lie oD&ly^npnoouLstic leukemia 


54 


34 


(03) 


Tdt-positiYc esses cory 


10 






Chronic myelogenous letnxtma- 








Accelerated and myeloblast*; 


7 


7 


(100) 










Total myeloid, blastic cases 


61 


41 


(67) 


Chronic myetamonocytic leukemia 


3 


3 


(100) 


Myclodysplastk: syndromes 


25 


12 


(40) 


Chronic myelogenous leukemia 


17 


7 


(41) 


(chronic) 








Acute lymphoblastic leukemia 








Calb+ 


33 


4 


(12) 


Calb- 


8 


0 




T-ALL 


5 


0 




Chronic myelogenous leiatamia- 








Lympboblarfic phase 


5 


0 




Total lymphoid, blastic cases 


51 


4 


(5) 


Lyraphaprolifcrative disozders 


19 


I 


(5) 


cr + B) 








Normal, nondiagnostic, and 


51 


0 




other 








Total cases 


227 







pari son. MY9 was present on five pre-B leukemias. with 
27%, 28%, 35%, 35%, and 62% MY9-positive ccUs; four of 
these were different from those that were M195-positive. 
One case was 28% :MY9 -positive and 42% M195-positive. 
5 MY9 was also found on one of five cases of Lymphoblastic 
CML (Table 3A). 

TABLE 3A 

ImmuDopbeoorype of Chronic Myelogenous Leukemia 
10 at Memorial Hospital 

No. Calls/ 
tested M195 My9 My 10 My7 My4 B4 la 



CML chronic 
15 Ph«e 

CML acoeriat- 
ed aadmyeb- 
blastic7 
CML 

lymphoblastic 
20 



24 
7 

80 



17 41 

100 70 



41 
100 

20 



19 18 6 6 
86 28 ND 86 



100 50 



0 80 



TABLE 3B 



25 



rmmuttcpheDotype of Acute LyrapbobLi^ Lcubsmiu 
at Memorial Hospimr" 



No. 



'Conducted as described in the Materials aod Methods 

The expression of M195 was compared to the FAB 
classification of ANLL (Table 2). M195 was expressed in all 
subclasses of ANLL except M0 and M6. Since there were 
very few leukemias of these two classes, the significance of 
this is not clear. However* when both the M0 and M 1 classes 
were pooled, only 3 of 14 (23%) were positive compared to 
30 of 44 M2, M3, or M4 leukemias (68%). 

TABLE 2 

Diftribution of M195 Antigen among FAB Morphological 



30 



ALL type 


tested 


la 


My 10 


B4 


B) 


M195 


My9 


la 
















CALLA+ 


33 


82 


58 


91 


52 


12 


15 


CALLA- 


8 


88 


88 


100 


0 


0 


0 


T-ALL 


5 


0 


0 


0 


0 


0 


0 


Total non-T ALL 




41 


83 


64 


95 


41 


1012 


Total ALL 


46 


74 


57 


85 


37 


9 


11 



FAB droop 


No. Tested 


No. 

M195-Positive 


(*> 


M0 


2 


0 


(0) 


Ml 


12 


3 


(25) 


M2 


24 


15 


(63) 


M3 


5 


5 


(100) 


M4 


15 


10 


(67) 


M5a 


5 


3 


(60) 


M5b 


18 


8 


(44) 


M6 


2 


0 


(0) 


M7 


1 




(100) 



Tdt-posMve ANLL (>320 ng/ltf* cells) also tended to be 
M195-negative (30%) compared to the Tdt -negative 
myeloid leukemias (74%). These data supported the sug- 
gestion from our earlier paper on cell lines that the M195 
antigen was more highly expressed on early cornmitted 
granulocytic precursor cells than on more undifferentiated 
earlier myeloid cells (16 Ref.a). 

M195 was found on about a third of CML samples in 
chronic phase, all CML samples in myeloblasric or accel- 
erated phase but not on lymphoblastic CML cells (Table 
3A). Four of 46 acute lymphocytic (ALL) leukemias were 
M195-positive (Table 3B). These ALL samples were 
CALLA -positive pre-B leukemias. The total number of cells 
positive for M195 in these samples was rather low: 26%, 
32%, 39% ♦ and 42%. Other markers arc shewn for com- 
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A Comparison of M195 with CD33 Antigens. Our previ- 
ous paper suggested that the distribution of M195 appeared 
similar to that described for CD33-reactivc antibodies MY9 
and L4F3. The protein target of M195 has thus far eluded 
40 detection (16 ReLa). A comparison of M195 reactivity to 
other well characterized myeloid markers on the same 
leukemias is shown in Table 4 (this table does not include 30 
leukemias that were not characterized by other markers that 
were included in Tsbk 2). MY 10, MV7, and MY4 were 
45 distributed .among all subtypes in patterns dissimilar to 
M195. MY9 was strikingly similar to M195 in its pattern of 
distribution. An analysts of the concordance of M195 and 
MY9 in the flow cytometric studies on fresh, acute blastic 
leukemias (lymphoid and nonlymphoid) is shown in Table 5. 
In 93 cases of ANLL or acute lymphoid leukemias, either 
bom markers were positive or both were negative. In 19 
cases the binding differed resulting in a concordance rate of 
83% overall. This high, but not complete, concordance 
suggested that the M195 antigen might be related to or 
coexpressed with the CD33 antigen. 



so 



55 



60 



65 



TABLE 4 



Immunophenotype of FAB Subgroups of AML at Memorial 
Hospital" 



No. 



% Testing Positive for: 



Group 


tested 


My 10 


My7 


My9 


M195 


My4 


MO 


2 


100 


100 


0 


0 


0 


Ml 


5 


80 


50 


60 


40 


0 


M2 


15 


67 


33 


73 


73 


7 


M3 


4 


100 


50 


100 


100 


75 
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TABLE 4-continued 



Immuiwphenorype of FAB Subgroups of AML at Memorial 
Hospital* 



No. % Testing Positive for; 



Group 


tested 


My 10 


My7 


My9 


M19S 


My4 


M4 


10 


70 


40 


80 


70 


44 


M5a 


3 


100 


33 


100 


67 


0 


M5b 


12 


58 


45 


75 


58 


17 


M6 


2 


50 


100 


50 


0 


0 


M7 


1 


100 


0 


100 


100 


0 



■Conducted as described m Materials and Methods 



TABLES 



Concordance Data for Ml 95 and My9 amoung 112 
Blastk: Lei&enrias 



P.r^iivity Pattern No. of Cues 



My9 + andM19*f 38 

My9 - and M195- 35 

My9 + and M195 - or My9 - and M195+ 19 

Over all concordance 83% 



Cross-blocking experiments using iodine- 125-labeled 
M195 IgG or F( Ab)*2 binding to HL60 leukemia cells in the 
presence of excess concentrations of various immunoglo- 
bulins are shown in FIG. 2. Bom MY9 and LIF3 (CD33- 
reactive), as well as the original Ml 95 IgG, blocked binding 
of the 125 I-M195. MY7 (CD13), M31 (CD15X and OKB7 
(CD2 1) did not inhibit binding. These data further confirmed 
the association between the M19S antigen and CD33 anti- 
gens. In other experiments (not shown) excess unlabeled 
M195 was able to block binding of about 50% of FTPC- 
labeled MY9 to HL60 cells as measured by flow cytometry. 

Mab M195 was also tested by Dr. T. Look (St Jude, 
Memphis, Term.) for reactivity with NIH-3T3 cells trans- 
fected with the DNA from myeloid cells and expressing the 
CD33 antigen (20 Ref .a). Both L4F3 (CD33) and MY9 
(CD33) are reactive with these cells; M195 was reactive as 
wclL This result, when taken in context with the nonidentical 
concordance data shown above, suggested that the M19S 
antigen was carried on the p<S7 (CD33) but was not the same 
as the previously described CD33 antigen epitopes recog- 
nized by L4F3 and MY9. 

Diagnostic Utility of Ml 95. MY9 is widely regarded as 
the standard marker for ANUL (21,22 Ref.a). We compared 
the diagnostic utility of MY9 with M195 either alone or 
together on 81 blastic leukemics of either myeloid or lym- 
phoid origin (Table 6). Eighty-four percent of ANLL 
expressed either M195 or MY9, but each antibody alone 
failed to identify more than a quarter of cases. Among 
lymphoid cases either MY9 or M195 was occasionally 
expressed, but both antibodies were expressed together only 
once. In this case the reactivity was weak: 28% MY9+ and 
42% M195+. Thus, the presence of both M195 and MY9 
positivity on a leukemia sample had 98% specificity in 
defining that leukemia as ANLL. 



TABLE 6 



Diagnostic Utility of M195 and My9 among Blastk 
Leukemias 

5 Positive Cases with the Indicated Marker^ 

Both Either 
Ml 95 and M195 and 
My9 M195 Alone My9 Afoot My9 

10 Seaatrnty* in 67% 74% 679b 8% 

61 Myeloblast*: cases 

Specificity* m 8% 12% 2% 20% 

51 lymphoblastic cases 



*Anubodv(s) should be positive in all cases 
25 *TVrcent of cues positive by flow cytometry 
"A^body(5) should be negative in all cases 

Expression of M195 on Hematopoietic Colony -forming 
Cells. The expression of M195 on leukemia cells, but not on 
mature nonadherent peripheral blood cells nor on any detect- 

20 able nonadherent bone marrow cells (16 Ref.a), suggested 
that M195 might be expressed 02 a sraiU gswpof -hemato- 
poietic progenitors. The expression of M 195 antigen on 
hematopoietic progenitors was studied by analyzing the 
recovery of bone marrow colonies after treatment of bone 

25 marrow mononuclear cells with M195 and rabbit comple- 
ment (table 7). Complement alone, antibody alone* and no 
antibody or complement treatments were used as negative 
controls. Antibody to human IA antigen (gift of Dr. J. D. 
Griffin) was used as a positive control. The number of 

30 CFU-GEMM recovered was not sufficient to obtain statis- 
tically significant data. In three of four experiments, M195 
and complement eliminated almost all of the 14-day CFU- 
GM; burst forming unit erythrocytes were also killed, 
although the average recovery was somewhat higher 

35 



40 



TABLE 7 


Recovery of Colonic* after Treatment with Antibody 








% Recovery of the Followina Colonies 


Day 7 


Day 14 


Treatment 


CFU-GM CFU-OHSFU-5 


Nil 124* 


126(139,104,111,110) 103(143,331 15^71), 


(111,136) 




M195 alone 


108(97.120) 


124(126,181,93,96) 


107(141,114,98,74) 


Complement 


100 s 100100 


alone 




M195ph» 


€(10,1) 17<0,60,3.«) 


33(8,77,6,40) 




complement 


<XPW*) 1(0,2,0,ND) 


Anti-IA phis 


6(5 f ll.l,ND 




complement 





'Mean of all experiments shown 
^ ^Percent recovery of an individual experiment 

°The "complement alone" treatment was considered lo be 100% recarery, and 
other data on mis chart were normalized to (hat value. Plating efficiency was 
between 0,10 and 0.15 percent 
*ND = Not detomined 

60 In order to determine the extent of expression of M 195 on 
early hematopoietic progenitors, radioimmunoassays were 
conducted on highly purified blasts. Hie cells used were 
isolated by negative selection with a panel of 12 monoclonal 
antibodies and kumunoro setting or panning followed by 

65 freezing and thawing once (13 Ref.a). These cells are 
morphologically blasts and represent a progenitor cell popu- 
lation 50-100-fold purer than bone marrow mononuclear 



5/7: 

25 

cells. Five to fifteen percent of these cells typically form 
myeloid and erythroid colonies. 

No binding of 125 I-M 195 above background was found in 
testing three different samples of these normal, early blast 
cells. A small percent of positive cells could escape detection 
using this assay. 

Because these data suggested that M195 antigen was 
expressed on a minor population of bone marrow cells 
responsible for CFU-GM colonies, we attempted to identify 
these cells by positive selection with panning, immunomag- 
netic bead separation, affinity sepharosc bead separation, 
and fluorescence-activated cell sorting. None of these meth- 
ods selected out a M 195-positive subpopulation. This may 
be due to weak antigen expression, antibody affinity, or other 
unknown problems. 

Effects of M195 on Bone Marrow progenitors in the 
Resence of Human Complement. Because we anticipated 
possible use of M195 in vivo for therapy of ANLL, we 
studied the effects of M195 on CFU-GM and 5FU-E from 
normal bone marrow in the presence of human serum as a 
complement source (Table 8A). No killing of CFU-GM or 
BFU-E was seen at 14 days. The effect of the continued 
presence of M 195 in bone marrow culture was also studied 
by adding the antibody to the methyl cellulose at days 1 and 
5 after plating, with no added complement (Table 8B). These 
experiments were done to determine if the antibody had a 
growth stimulatory or inhibitory effect on progenitor cells in 
the marrow. No effects were seen. Similar growth studies of 
peripheral blood mononuclear cells and HL60 leukemia 
cells were also negative. 

TABLE 8A 

Effects of ML95 go Hemalupoirtic Stem CeUs in the 
Presence of Human Complement 

No. of Colonies. Day 14 

Trcmtment CFU-OM BFU-E 

None 116(L00%) b 154(100%) 

Complement (C) ataae 102(100%)1 21(100%) 

M195 132(113%) 158(102%) 

M195 + C 141(138%) 127(105%) 



TABLE 83 

Effect of tte Continued Presence of M195 oq Colony 
Forming CeQi* 

Nil 125(100%) 188(100%) 

M195 124(99%) 168(89%) 

•Human serum was added at a final dilution of W as described for rabbit 

complement in Materials and Methods 

Quadriplicate control plate results are normalized to 100% 

*M195 IgO was added directly to growing cultures as described in Materials 

and Methods 

DISCUSSION 

This paper describes the distribution of mAb M19Vs 
binding on fresh leukemia cells and early hematopoietic 
progenitors. In our accompanying paper (16 Ref.a) we 
showed that the M195 antigen was present on myeloraono- 
cytic leukemia cells zsid a fraction of monocytes but was not 
detectable on more mature myeloid cells present in the bone 
marrow or peripheral blood nor on nonhematopoictic ceils 
and tissues. In this paper we extend the description of the 
M195 antigen and directly compare it to other well- 
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characterized myeloid and monocytic antigens. Among 227 
fresh hematopoietic samples studied, M195 antigen expres- 
sion was largely restricted to differentiated ANLL. Undif- 
ferentiated and Tdi-positive ANLL were less likely to <tis- 

5 play antigen. However. FAB classification did not correlate 
specifically with M195 expression. 

Quantitative analysis by radioimmunoassay showed that 
about 10.000 sites were expressed on the cell surface of 
ANLL cells. Our studies (16 Ref.a) have demonstrated rapid 

10 modulation of these sites after antibody binding. 

Several antigens are currently used to diagnose ANLL by 
flow cytometry. Among these, CD33 antibodies, MY9 (5 
Ref.a), and L4F3 or LEB2 (4 Ref.a), appear to be most 
widely and most specifically distributed on ANLL. M195 

15 antigen was concordantly expressed with MY9 on 83% of 
cases. Moreover, although neither antigen was expressed on 
100% of ANLL, the combination of both M195 and MY9 
could be used to diagnose ANLL with 98% specificity if 
both were expressed on a leukemia sample. We are currently 

20 using this combination to aid in the diagnosis of acute 
leiikcraias si Memorial Hospital. 
" Tfecfesecwxr^ssionof Ml°^ and MY9 r^ggested that 
M195 might bind to the CD33 protein target [p67] (20 

^ Ref.a). Efforts to identify the M195 target have been unsuc- 
cessful (16 Ref.a). Blocking experiments shown here dem- 
onstrated probable identity of the M195 target with the 
CD33 protein. Moreover, binding of M 195 and CD33 DNA 
transfectants was shown. Despite these data* since flow 

M cytometry data showed nonidentical concordance with 
MY9, it is likely that M 195 does not bind to the same CD33 
epitope as MY9 or L4F3. 

Although M195 antigen was found on a greater percent- 
age of ANLL samples of the FAB classifications M2, M3, 

35 and M4 than on other types, the presence of M195 binding 
could not be used to predict morphology or vice versa. Other 
studies corrjparing immu nophenotype with morphologic 
phenotype have come to similar conclusions since mere was 
considerable overlap of markers into each type of ANLL 

40 (23-25 Ref.a). Some disoinunation of monocytic from 
myeloid ANLL has been shown (22.26 Ref.a), however. 

The CD33 antigen is expressed on early myelomonocytic 
f-ogeM?ii>* cell* Ref.a), but not on the ultimate pro- 
genitors (17 Ref.a). This restriction has allowed selective 

45 purging of ANLL cells from bone marrow while still per- 
mitting regrowth of normal cells in selective cases (18 
Ref.a)(Leiaoli R. M., Gulati S. C. Scheinberg D. A., Gas- 
paretto C- Moore M. A. S., Clarkson B. D„ Gee T., 
Autologous Bone Marrow Transplantation in Acute Myel- 

50 ogenous Leukemia (AML): In Vitro Treatment with 
Myeloid-Spccific Monolconal Antibodies (MoAbs) and 
Drugs in Combination. Blood 74(7):suppl,p280a abstract) 
(1989) see Experiment 5). Ml 95, as expected, was 
expressed on CFU-GM and to a lesser extent on BFU-E. 

55 Since, like MY9 and L4F3, M195 readily kills cells with 
rabbit complement, it is useful as a purging agent in ANLL. 
Radioimmunoassays with M195 on highly purified early 
blasts did not detect significant antigen expression. Because 
the radioimmunoassay could miss M195 expression on 

60 small subpopulatiobs within this group of cells, long-term 
marrow cultures were done (Lemoli R. M., Gulati S. C, 
Scheinberg D. A, Gasparetto C, Moore M.A.S., Clarkson 
B. D., Gee T., Autologous Bone Marrow Transplantation in 
Acute Myelogenous Leukemia (AML): In Vitro Treatment 

65 with Myeloid-Specific Monoclonal Antibodies (MoAbs) and 
Drugs in Combination. Blood 74(7):suppl.p280a abstract) 
(1989) sec Experiment 5) to help further define and confirm 
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this finding. Based on the data here and in Experiment 1 (16 mg/mL and incubated for 5 minutes. The radiolabeled anti- 

Ref.a) the distribution of the Ml 95 antigen among hemato- body was purified by exclusion chromatography (Sephadex 

poietic differentiation appears similar to that described for G25, Pharmacia Inc., Kscataway, N.J.)- Further purification 

other CD33 antigens (4.5 Ref.a). This includes early com- of the mAb from free radionuclide was effected by dialyzihg 

mitted myeloid progenitors, but not the earliest colony 5 mc radiolabeled mAb at 4° in phosphate buffered saline 

forming cells (Lemoli R. M.. Gulati S. G, Scheinberg D. A.. (PBS). pH 7,4. 

Gasparetto G, Moore M. A. S.» Oarkson B. D M Gee T., Immunoreactivity of the labeled antibody (that proportion 

Autologous Bone Marrow Transplantation in Acute Myel- of antibod y molecules in a preparation which were capable 

ogenous Leukemia (AML): In Vitro Treatment with of binding to antigen) was determined by modifications of 

Myeioid-Spccific Monoclonal Antibodies (MoAbs) and io P T ri °!J^ 1 de !^^ "^5?? ( 2 *f^ Ref.c) as follows: 10 7 

Drugs in Combination. Blood 74{7):suppl4>28Qa abstract) f^f i^^^^ ^ 

(1989) see Experiment 5) (17 J 8 Ref.a) 5 ° g ?L h ^ ^ ™ ?° 

v \ *^ . 7 v 7 percent bound was estimated; the supernatant obtained after 

The M195 antigen is not expressed on adult human centrifugation was transferred to a similar set of cells and the 

tissues. Therefore, in addition to its use as a diagnostic process repeated until binding was no greater than with a 

marker of ANLL and as a purging agent, M195 can poten- 15 control cell line. Irnmunoreactivity was not less than 65% 

tially be used as a therapeutic agent in vivo. Since the for M195. 

antibody does not have in vitro cytotoxic effects alone or in 1 "Indium Labeling: 

the presence of human serum as a complement source, it is The intact immunoglobulins were conjugated with dieth- 

not likely to cause lysis of ANLL cells. However, upon ylene diamine pentaacetic acid (DTPA) as described (31 

binding of mAb M195, the antibody is rapidly internalized 20 Rcf.c). After conjugation, each antibody was labeled with 

(Eivgi, Internalization of Radionuclides (Experiment 3)), by incubation with lu Ia it a pH of 3.0 for GO minutes 

and thus the application of mAb M 195 as a carrier of toxins room temperature. The reaction was quenched byancreas- 

or isotopes to ANLL cells in vivo is feasible. mc P H to foa* 6.5 using 0.2M metal-free 

phosphate buffer (pH 7.4). The radiolabeled mAb was 

EXPERIMENT 3 25 purified using a Chelex metal-binding column followed by 

- «. . . , . . - . . ^ size exclusion chromatography. Further removal of free 

lDt^«wcte on the impactof modulation Uljn frommAbwas accc^hed by dialyzing the radio- 

and ni^ atona^ ^ton and release on the delivery of labclcd ^ „ 4 o m H ^Twunore- 

radionuclide into tumor cells. We investigated the behavior activity of the labeled antibody was comparable to mat of the 

of two prototype radionuclides, radioiodine and respective rtdioiodinated antibody, 

radioindium. when attached to mAbs currently under evalu- 30 Radionuclide Internalization 

atioo at Memorial Sloan-Kcttering Cancer Center in Phase I 5 million viable cells in 5 mL media were incubated with 

dinted trials. 5 U g radiolabled antibody, at either 4° or 37°. Immediately 

Iodine- 125 serves as a prototype for all halides such as after addition of the radiolabeled mAb (or fragment) and at 

77Br. l23 L l3l L 2n A, and Aa L llJ In serves as arxototypefor several times afterward, 200 uL aliquots from each batch of 

all radiomctals such as 211 Bi, 23 Tb, flt> Y, 1M Rh, and "*Rh. 35 cells were taken and washed three times. 1.5 mL glycine/ 

The mAbs modulate subsequent to interaction with antigen. sodium chloride (SO mM gly tine/HQ, 150 mM sodium 

Mab M19S is reactive with a 67 KD cell-surface grycopro- chloride, pH 2.8) was added to each pellet "Total" cell- 

tein found on most myeloid leukemia cells (24,25 Ref.c), associated radioactivity was detennined in a gamma counter 

and is reactive with the Epstein Barr Virus (EBV) receptor, after mixing. The cells were then centrifuged, the superna- 

a 140 KD glycoprotein surface receptor expressed on most 40 t&nt aspirated, and the cell pellet re-counted to determine 

B-cell lymphoma cells and chronic lymphocytic leukemia "internalized** radioactivity. "Cell surface" radioactivity was 

(26.27 Ref.c). In addition, we explored the behavior of a calculated as the difference between total and internalized 

proteolytic digestion fragment of the antibody. radio-activity. This general method has bees used to szz&y 

w A w „ A _ , internalization of other cell surface rcceptors(20~22 Ref.c). 

MATERIALS AND METHODS 45 Wc ^vc confirmed that this direct method measles tree 

wS^/y . . , .... losses of antibody from the surface by indirect methods 

HL60, a myeloid leukemia cell line, were maintained in (indirect radioimmunoassay and complement fixation) as 

log phase gowth m RPMI 1640 supplemented with 10% wcU . The percent radioiodine bound to protein in the super- 

PCS and 10% l^w^t at C in 5% carbon dioxide. natant was estimated by TCA precipitation of the superna- 

Cells were utilized only if the viability (as estimated by 50 ^ t was ncver less man 95 % similarly, protein-bound 

trypanWue exclusion) was 95% or greater. radioindium was estimated in aliquots of selected superaa- 

At ?^??^ S: _ — ..... . tants by thin layer chromatography and was always greater 

M195 is an IgG2a monoclonal antibody (mAb) reactive t ^ iaR 90%. 

with a 67 KD ccU-surface glycoprotein found on most Radionuclide Release: 

irryeloid leukemia cells (24J25 Ref.c). The antibody was 55 5 n^on viable ceils in 5 mL media were incubated with 
purified from mouse ascites fluid using Protein A affinity 5 ug radiolabeled mAb or fragment at 4° for 60 minutes. The 
chromatography. M195 F(ab') 2 was prepared by pepsin incubated cells were then washed two times in media and 
digestion of the intact immunoglobulin; OKB7 Fab was resuspended to the same volume. Baseline total and inter- 
rxqpared by papain digestion. nalized radioactivity was determined as described above. 
RawoLodinabon: 60 Immediately after washing, the washed cells were separated 
Intact antibodies and their fragments wax labeled with into ^ and ^ at either 4° or 37°. Total cell- 
,odine- -125 by the chloramine-T method (28 Ref.c). 100 ug assoc iated radioactivity and internalized radioactivity were 
of anhbody was incubated with 2 mCi of l25 I and 20 uL of mcn determined over time as described above, 
a freshly prepared solution of chloramine-T at a concentra- 
tion of 2 mg/mL in 0.2M phosphate at pH 7.4 for 1 minute 65 RESULTS 
at room temperature. The reaction was quenched with 20 uL All experiments were done 2-<5 times and all time points 
of a fresidy prepared solution of sodium metabisulfite at 20 were done in duplicate. The mean of two determinations was 
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recorded Maximal binding of Ml 95 was about 10.000 sites release of chelated m In from surface-bound IgG. In this as 

per cell; for OKB7, about 100,000 sites per cell well as the Ui In-OKB7 experiments, the background per- 

Internalization experiments were designed to study cent internalization was considerably greater than observed 

changes in the kinetics of binding and cell -associated radio- with 125 I-labeled antibody, perhaps due to transchelation of 

activity in the presence of excess ambient antibody, a 5 m In to cellular protein. 

condition which might occur during an antibody infusion in In summary, at 4°, when cells would be expected to be 

patients. The release experiments were designed to study the metabolically quiescent, there were no major changes in 

same phenomena, after a period of binding, in the absence cell-associated radioactivity over time, whether on or in the 

of ambient antibody which might mimic conditions in vivo cell and whether or not there was surrounding antibody 

following termination of mAb infusion. 10 present In contrast, cell-associated radioactivity changed 

125I-M195 Internalization and Release: (FIGS. 8A-D) dramatically over time at 37° when the cells are metaboli- 

At 4° , there were initial increases in the total amount of cally active, 

cell-associated radioactivity, with minimal internalization of 125 I-M195 F(ab*) 2 Internalization and Release: (FIGS. 10A- 

125 I (FIG- 1A). Bound 125 I increased about 4-fold and D) 

plateaued by 2 hours, suggesting completion of binding and is In contrast to the findings observed with the intact Ig. with 

saturation of sites within this time period At 37°, there was the F(ab') 2 the early increase in total cell-associated radio- 

a similar increase in total cell-associated radioactivity over activity decreased moderately with time. The internalized 

time as at 4°. In contrast, there was a significant greater radioactivity, however, increased gradually with time at 37° 

increase in the amount of internalized radioactivity over while staying relatively constant at 4°. Background (time 0) 

time, with most of the increase being noted in the first two 20 radioactivity was consistently higher w?*b the F(ab') 2 . The 

hours. After two hours, the internalized radioactivity si abt- , mcrea^e In iaieniaiizeu radioactivity was noi is great over 

lized at about a 12-fold higher level than at time 0. "time with the fragment as with the intact Ig (26% to 37% 

The release experiments for M195 IgG (FIGS. 9C-D) with the fragment compared to 6% to 32% with the Ig). 

showed no significant change in -associated radioactivity In the absence of ambient antibody, there was rapid 

over time at 4°; the amount of radioactivity in the surface 25 decrease in the total cell-associated radioactivity with time 

and within the cell did not change over time. At 37°, there at 37%; this was accompanied by a significant, albeit small, 

was an initial rapid clearance of about 40% of the cell- decrease in the total amount of radioactivity within the cell; 

associated radioactivity. The radioactivity that cleared the percent internalized over time at 37° therefore did not 

appeared to be accounted for by net loss from the cell increase as much as with the intact Ig. 

surface. Whether this was direct or via an internalization 30 Because of differences in specific activity of the labeled Ig 

step cannot be determined from these data. There was an and fragments and differences in counting efficiency of the 

increase in internalized radioactivity with time. Clearance of two radionuclides among the different sets of experiments, 

radioactivity from the cell surface occurred during the first all changes over time in an individual experiment were 

hour, after which the total amount of cell-associated radio- related to conditions at time 0 to enable us to compare 

activity stayed constant while the amount of internalized 35 experiments (Table I). Radioactive counts at time (n) were 

radioactivity increased to plateau toward the end of the expressed as a percentage of those at time 0 (Cprn^/Cpm 

experiment (*-o>33 100). Several conclusions became apparent 

The present of cell-associated radioactivity that was inter- With M 195 Ig, an antibody that rapidly internalizes in the 
nalized was constant for cells at 4° (FIGS. 8B,D). At 37° the presence of ambient excess antibody (the internalization 
percent of intenialized radioactivity approached 35% of total 40 experiments), there was no significant difference between 
cell-associated radioactivity in the presence of excess the changes in amounts of radiomdium internalized as 
antibody, and up to 60% in the absence of ambient antibody. compared to the changes in amounts of radioiodine inter- 
In the presence of surrounding antibody there appeared to ndlizeu (i 130% vs. 1300%). In contrast the percent losses 
be no net loss of cell-associated radioactivity, with increases of radioiodine from the cell in the absence of ambient 
in the amount within the cell contributing to the increase in 45 antibody (the release experiments) were considerably less 
percent radioactivity internalized. In contrast in the absence than the losses in amounts of m In. The relative increase in 
of ambient antibody (FIGS. 8C, D), there was a net loss of percent internalized was primarily a result of greater loss of 
total cell-associated radioactivity manifest as a transfer of cell-associated radioactivity. Radioiodine attached to the 
radioactivity from the cell surface to both the surrounding fragment cleared at an even faster rate than that of m In. 
media and to the cell interior. 50 nrcrnsKTON 
This may have occurred either because of internalization ivi^u^iwin 
followed by release or by an independent direct release of As the number of clinical trials employing radioactively 
surface-bound radioactivity into the media. This net loss tagged monoclonal antibodies for diagnostic imaging or 
translated to an increase in the percent radioactivity inter- radioinununotherapy increases, the need for an understand- 
nalized greater than that apparent solely from the increase in 55 ing of the kinetics of antibody binding and internalization of 
internalized radioactive counts. The net result Was that after nuclide become increasingly important Significant differ- 
2 hours, more than half the radioactivity associated with the enoes in binding of m In labeled antibody compared to 
HL60 cells was intracellular. radioiodinated antibody have been demonstrated in vitro and 
Ul ln-M195 Internalization and Release: (FIGS. 9A-D) in vivo (14-17 Ref.c). The experiments here attempt to 
Additional experiments were conducted as above, using 60 describe some of these differences at the cellular level. We 
IU In-Ml95 (FIGS, 9A, B). Large increases in internalized show that internalization of radionuclide into target tumor 
radioactivity occurred ovea* time at 37° as compared to 4° cells is dependent upon the choice of radionuclide, the 
(FIG. 9A). Internalization of as a percentage was antigen-antibody system concerned, and the nature of the 
consistently higher than with l25 I, increasing with time, sot antibody used, either ,'ntact immunoglobulin or fragment 
showing a plateau out to 4 hours, to reach approximately 65 Recently, Press et al. (20 Ref.c) compared the binding and 
70% in some experiments. This may be due in part to a degradation characteristics of a panel of radioiodinated 
greater loss (60%) of total lu In at 37° (FIG. S*C), perhaps by antibodies reacting against B-celi tumors. As we have also 
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confirmed here, distinct differences in internalization kinet- 
ics were found between mAbs. In addition, we also studied 
the behavior of intact and fragmented mAbs when labeled 
with two different prototype radionuclides. l25 I and m In. 
Significant detachment of radionuclide from antibody was 
not seen at the early time points we studied This is similar 
to results observed by Press and associates. Because steady 
states were reached within 2-4 hours, we did not examine 
behavior at late time points. 

In the presence of excess surrounding antibody. M195 Ig 
was rapidly internalized by the cell subsequent to interaction 
with the target antigen. For both nuclides, there were no 
differences in binding kinetics (Table I). With the F(ab') 2 , 
there were minimal changes in total and internalized radio- 
activity. After ambient M195 Ig or F(ab*) a had been washed 
away, there was greater loss of tu n>labeled compared to 
125 I-iabeled Ig. and much greater internalization with the Ig 
than with the F(ab%). We do not know if these differences 
reflect the minor difference in avidity (3x10? L/M for the 
intact Ig compared to 10 9 L/M for the F^b')!). 

Internalization and release kinetics of radionuclide 
labeled to a mAb that is internalized rapidly woe not 
dependent on the nature of the radionuclide used Radionu- 
clide attached to the intact M195 Ig showed far greater 
internalization than when attached to its fragment. Studies 
with the Fab fragment suggested that lack of modulation and 
internalization may be more apparent in the absence of 
excess surrounding antibody. 

In a clinical trial using M195 (whether diagnostic or 
therapeutic), intact M195 Ig might be preferable to the 
fragment, as a significantly greater amount of radioactivity 
would then be internalized. The of the F(ab , ) 2 is 1CP L/M 
compared to a of 3x10 s * IVM for the intact immunoglo- 
bulin; we do not know if the difference in internalization was 
caused by this small difference in dissociation constants or 
some other unknown change in antibody binding consequent 
to creation of the F(ab') 2 . Although there was greater clear- 
ance of in In from the cell in the absence of ambient mAb. 
there .was also a significantly greater amount internalized. 
Since in the absence of ambient antibody there is greater loss 
of cell-associated radioactivity when tu In is the radionu- 
clide used, the ideal radiolabcl to be used might either be a 
suitable ^isotope of iodine or a radtotnetal depending upon 
the physical half-life of the radionuclide and the biological 
half-life of the antibody in the host. 

Although the kinetics of binding, internalization, and 
release are important the choice of nuclide for clinical 
therapy trials would also be affected by the physical half- 
life, emission characteristics, and cytotoxic potential of the 
radionuclide under consideration, as well as by labeling 
characteristics and serum clearance. Dehalogenation of 
iodine-labeled antibody has been described (17 Ref.c), but 
current methods of chelation also result in detachment of 
radiometal from antibody in vivo (17 Ref.c) and human 
trials have not been uniformly successful to date. Progress in 
new chelation chemistry may solve these problems (32 
Ref.c). Moreover, if radionuclides that decay by electron 
capture are more cytotoxic when internalized into the cell 
than those that undergo beta-minus decay, then 125 I and 123 I 
would be candidate radionuclides for therapeutic purposes. 
A recent report by Woo et aL (13 Ref.c) has shown signifi- 
cant cytotoxicity with 1 ^-labeled antibody compared to 
unlabeled antibody, postulated to be due to cytotoxicity of 
intranuclear 125 L We have also seen significantly enhanced 
growth suppression of 125 I-labded anti-epidermal growth 
factor receptor antibody compared to l3l I-iabeled or unla- 
beled antibody in cells expressing increased quantities of the 
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receptor We are now studying the cytotoxicity of iodine 
labeled M195 in vitro. 

In summary, the choice of both the radionuclide and the 
antibody form has great impact on the kinetics of rsdionu- 

5 elide internalization and retention in target cells and 
therefore, may be of crucial importance in the design of 
clinical trials utilizing radiolabeled antibodies. Preclinical 
studies of cell binding and internalization such as those 
described here may help suggest an optimal approach for 

10 imaging or therapy. 

EXPERIMENT 4 

(ASCO. Scheinberg May, 1990, Submitted for 

is Publication) 

A Phase I Trial of Monoclonal Antibody M195 (Anti-CD33) 
in AML: Pharmacology, Toxicity. Radiolocalization 

Mouse monoclonal antibody (mAb) M19S reacts with 
myeloid leukemia cells, early myeloid progenitor cells. 

20 some mature monocytes, but with no other adult cells or 
tissues. A phase I trial using escalating asisu&ts of MI 95 in 
4 daily doses was initiated in patients with relapsed or 
refractory AML (3 patients ^-cr dose level). First doses were 
trace labeled with iodine- 13 1. After 7 patients (3 at 1 mg/m 2 , 

25 4 at 5 mg/m 2 ). the following has been observed: Rapid, 
specific targeting to leukemia cells in both blood and bone 
marrow was observed in all patients within 1 hour as 
documented by serial blood sampling and bone marrow 
biopsies and aspirates. Whole body gamma camera images 

30 showed uptake in all bone marrow areas and spleen. Effi- 
cient targeting occurred in hypoplastic, pancytopenic 
patients as well as in patients with an estimated leukemic 
burden in excess of 10 cells, even at the 1 mg dose level. 
lOMO 4 antibodies were delivered per cell within 1 hour 

35 with persistence in the bone marrow for several days. The 
first patient had mild transient generalized pruritis during 
infusions. One patient developed persistent bone marrow 
pain after the third dose of 5 mg/m 2 . Since M195 is an 
IgG2A which exhibits no cytotoxicity in vitro using human 

40 effector cells or complement, no therapeutic responses were 
expected or observed yet Because M195 is rapidly inter- 
nalized into cells, these data show that rapid, specific 
delivery of radionuclides, toxins or ether izs^uocccjuzaies 
into marrow cells will be feasible with M195. 

45 Monoclonal Antibody Therapy. Several pilot trial? hsvs 
been conducted using unlabeled hematopoietic neoplasms 
(reviewed in Rosen S T, Timmw A M, et al. J Clin Oncol 
5:562-573, 1987). Toxicity was tolerable and responses 
were seen, but they were almost always transient None of 

so the original trials used antibodies with intrinsic cytotoxic 
capability and responses were probably abrogated by lack of 
effector functions, antigen modulation and human antimouse 
Ig responses. More recent trials (Ball E D, Beroeri G M, 
Cornwell G G, et at Blood 62:1203-121 10, 1983; Tanimoto 

55 M, Scheinberg D A, Ccrdon-Cardo C et al. Leukemia 
3:339-348. 1989) using radioisotope-labeled monoclonal 
antibodies have achieved high major response rates. These 
trials utilized large doses of Iodine- 13 ^labeled monoclonal 
antibodies to T-cell lymphomas, chronic lymphocytic 

60 leukemias, and nodular lymphomas. The major adverse 
reactions were hematologic, related to the high doses of 
radiation. In the trial with T cell lymphomas and CLL. 
remissions were short lived It is too soon to know the long 
term outcome in the nodular lymphoma trials. No study of 
65 monoclonal antibodies has been completed with patients 
with ANUL, but three patients were treated (Scheinberg DA, 
Tanimoto M, McKenzie S, et al. Leukemia 3:440-445, 
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1989) with minimal responses and toxicity with a cocktail of 
antibodies. These antibodies recognized different antigen 
targets than M19S recognizes. Despite large doses of anti- 
body (up to several hundred mg). blast counts were sup- 
pressed only transiently in the three patients. All three 
patients had fever and one had urticaria due to the infusions, 
but the antibodies were not highly purified. We have seen no 
toxicity here in 26 patients with B-NHL. Hodgkins Disease, 
and T-NHL, treated with monoclonal antibodies OKB7 or 
R24, at doses ranging from 0.1 to 100 mg. 

M195. Mouse monoclonal antibody M195 is an IgG2a 
developed at Sloan-Ketteriiig Institute (Tanimoto M, Schei- 
nberg D A, Cordon-Cardo C, ct aL Leukemia 3339-348, 
1989. Scheinberg D A, Tanimoto M, McKenzie S, et aL 
Leukemia 3:440-445, which reacts with 60-70% of 
samples of blasts from patients with ANLL. M 195 also binds 
to early myeloid cells (CFU-GM) and some monocytes but 
not to the earliest myeloid progenitors. The target antigen is 
not expressed on any other hematopoietic or non- 
hematopoietic tissue. Antibodies to a related antigen on the 
same protein (CD33), My9 and L4F3, arc currently being^ 
used to purge bone marrow of ANLL before autologous 
transfusion (Bernstein I D, Singer J W. Andrews R G. et aL 
J Clin Invest 79:1153-1159, (1987); Griffin J D, Linen D, 
Sabbath K, et aL Leukemia Res 8:521-534, 1984.). M195 is 
rapidly internalized into cells after binding and this effect 
can enhance delivery of radiometals, radioiodine or conju- 
gated toxins into cells (Divgi C R, Minniti J G, Old L J, 
Scheinberg D A Amer Assoc Cancer Res 30: Abs #1606, 
1989). M195 is able to kill leukemia cells with rabbit or 
guinea pig complement but not by use of human comple- 
ment or human antibody-dependent cellular cytotoxicity in 
vitro* Activation of these mediators in vitro has correlated 
with these effects in vivo (Houghton A N, Mintzer D, 
Cordon-Cardo C, et aL Proc Natl Acad Sci USA 
82:1242-1246, (1985)), but it is not known if the lack of in 
vitro effects will predict lack of in vivo effects. Because 
M195 also reacts with early myeloid cells, normal marrow 
progenitors may be affected also. 

Studies of M195 in Humans. In order to determine the 
toxicity, btodistribution, pharmacology and dosimetry of 
radiolabeled M195 in humans, a pilot trial invoiv«ag 9 
patients with ANLL was initiated under IRB approval (#89^ 
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We concluded that there was rapid and specific uptake of 
M195 onto target cells and that sufficient numbers of M195 
were bound to each cell to allow a therapeutic dose of 
radioisotope, even at this first dose level (1 mg/m 2 ), at wide 
variations of tumor burden (patient 1: >1 trillion cells; 
patient 2: <100 billion cells). 

Microdosimetry of 1-123. The localization of the M195 
mAb on the surface of the leukemia cell and its subsequent 
incorporation into the cytoplasm presents an opportunity to 
select a radionuclide with properties that exploit this situa- 
tion. Electron emissions that have a range on the order of a 
cell diameter (10-20 microns) deposit a large fraction of 
their energy within the cell (Kassis A I, Adelstein S J, 
Haycock C, Sastry KSR. Radiation Research 84:407-425 
(1980)). Electron capture (EC) is a mode of decay that gives 
40 rise to a large percentage of such low energy emissions. The 
isotopes of iodine that decay by EC include 1-125 (T-4*=60 
d) and 1-123 (T-Vfc=14 h), the latter being advantageous in 
icm>3 r,f * physical half-life matching the expected biologi- 
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_ cal clearance times. From a microdosimetric point of view, 

113A(1)) ^Memorial Hospital The trial involves a do^cT 45 in °~ of 1Q - 12u is ^ 



escalation of M195 (1, 5, 25 mg/m 2 per dose) with 4 doses 
of antibody given over 1 week. In this trial the first (and 
sometimes second) doses of antibody were trace-labeled 
with iodine- 131 to allow whole body imaging for biodistri- 
tution and half-life calculations, and accurate pharmacology 
and dosimetry studies based on repeated blood and marrow 
samplings. 

The following data were derived from the first three 
patients treated: 
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effective than 1-13 1. Another advantage of 1-123 is relatively 
low marrow dose per miili curie from the 127 key (13.7%) 
conversion electron. The isotope also has superior imaging 
characteristics fa confirming dose distribution as well as the 
dosimetry. 

Assuming that at most half of the labeled dose is con- 
centrated uniformly in the marrow, and T-effective=T- 
physical, the dose to the marrow cavity is 027 rad/mCi 
administered. Thus, only 27 rad/100 mCi would be admin- 
istered. Examination of radiation exposure of nursing staff, 
radiation dose to other organs within the patient and the cost 
of the radionuclide* activities of about 200 mCi would 
appear to be safe and practical. However, with the above 
assumptions, 200 mCi would be sufficient to kill only about 
10 10 leukemia cells. This is based on the following argu- 
ments: 

200 mCi represents 5.4xl0 44 atoms of 1-123. Based on 
presented aud published work of Howell Sastry, Rao et al 
(Howell, private communication) it appears that approxi- 
mately 1 MeV of energy must be deposited in the nucleus on 
average from such election capture nuclides to achieve cell 
kill. This corresponds to approximately 2000 disintegrations 
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from atoms in the cytoplasm (Kassis A t Adelstein S J. Mycloid-Spccific Monoclonal Antibodies (MoAbs) and 

Haycock C, Sastry KSR. Radiation Research 84:407-425 Drugs in Combination 

(1980)), or in this case, also atoms on the cell surface since We report the results of a preclinical study compelling four 

the radius of the cell may only be about 1-2 microns greater different purging protocols using promyelocyte human cell 

than that of the nucleus. Based on observed biological 5 Uqc HL-6X) and myeloid leukemic progenitor cells 1CFU- 

l^fLVfi^^^ S ? T ^ S , hcrC ***** GM-(L)] from AML patients assayed in semisolid culture. 

ffifl^M if^TV* 1 "l^^T^"^ w * ^died the antileukemic effect of 1] complement- 

^ whl ^n ^ t by Zu, teP™*** lysis by 2 different MoAbs (M195 and F23; 40 

decay while on or m the cell. (There arc approximately */_iv V,. _ * . , 

lS surface binding sites per cell, l^belling^rried out at Ugfl f\ ' "Jf™ ™ m fo " nd on ^ 

1 atom of M23 per 8 antibodies will result in 200 mCi of 10 peloid ceus and monc>cyt^ used lalone j and * co^nj- 

1-123 on about 1.0 mg of antibody.) Ideally 200 mCi ti ??!\ 2 ^Hyoroperoxycydo^ospr^ (4-HC) (100 

(5.4xl0 14 atoms) at 5000 atoms of 1-123 disintegrating per uM/L) ***** <* 3 1 combined with VP- 16 (5 ug/ml) and 4] a 

cell should kill 1.1x10" cells. However, since the targeting cocktail of 1-3 protocols as above (ie combined 

efficiency is only about 20-30%. 200 mO will theoreticaliy immunochemotherapy). Four logs of HL-60 tumor cell 

only kill about 3x10 10 cells at most 15 elimination was observed after 1 hour incubation with both 

Pharmacologic limits and need for cytoreduction. Based MoAbs plus 4-HC+VP-16 while the single treatment (ie 

on the first phase 1 study of M195 and on achievable and inujiunotherapy or chemotherapy) provided 1.5 and 3.0 logs 

practical levels of 123 I-M195 specific activities, described in of colony forming inhibition respectively. 

2.5 (determined by physical properties of both antibody and When the same protocols were tested on fresh leukemic 

isotope, data on antigen expression and antibody 20 cells from 4 patients with AML we observed a mean value 

immunoreactivity, radiation safety concerns and costs of of CFU-GM-(L) inhibition of 94.7%. 95-5% and 98*%after 

isotope), it does not seem practical to expect at this time that MoAbs and cotfip&ncst lysis.^4-KC and 4-HC+VP-16 

the 123 I-M195 will effectively target to 12 logs of cells treatment respectively. The combined treatment of MoAbs 

(typical tumor burden). Therefore, we will cytoreduce the and 4-HC+VP-16 produced a 3-log reduction of GFU-GM- 

patients 3 days before M195 therapy with a small dose of 25 (L) colony formation. By comparison the mean recovery of 

Ara-C calculated to kill 1-2 logs of leukemia cells and leave committed normal bone marrow progenitors after incubation 

10 10 -10" cells at day 4 when 12 *I-M195 begins. This dose with MoAbs and complement was 19.5% for CFU-GM, 

of Ara-C will be in no way therapeutic and will therefore still 323% for BFU-B and 16.7% for CFU-MDC 4-HC+VP- 16 

enable us to determine the therapeutic effects of M 195. The treatment showed 4.4% CFU-GM and 5.6% BFU-E recov- 

Coxicity of this chemotherapy should also be minimal 30 cry. Preliminary data obtained on highly purified CD34+ 

Radiometal Chelate-Conjugated Antibodies. Radiometals blast cells* enriched by positive selection, demonstrated the 

have been attached to monoclonal antibodies via birunc- capacity of the inmiunochernotherapy combined protocol to 

tional chelates for diagnostic imaging and therapy. We have spare the earliest hematopoietic coloiry-forming cells. In 

proposed the use of alpha particle emitting nuclides, Lead summary, our results indicate that imrmmochemotherapy 

212 or Bismuth 212 as the optimal radiotberapeutic nuclides 33 may be a more effective purging strategy for autologous 

for use in killing leukemia cells based on emission charac- bone marrow transplantation in patients with acute myelog- 

teristics and pharmacology studies in animals (Brechbiel M enous leukemia. 

W. Gansow O A, Atcher R W, et al. In org Chem ^ .™^ T ^ _ 

25:2772^2781. 1986; Kumar K, Magerstadt M, Gansow O EXPEMMEOT 6: FRER^ON OF PATIENT 

A J Chem Soc Chem Coinmun, 3:145-146 (1989)). Rota- 40 roR RHNFUSION 

tionalty hindered benzyl derivates of DTPA and planar cage (Reference to Experiment 3) (Gulati Protocol) 
structures such as DOTA have been developed recently to 

chelate bismuth (Gansow O A, Atcher R W, Link D C Patients receiving autologous bone marrow tnmsplanta- 

Friedman A M. Sever R H, Anderson W, Scheinberg D A, tion for mc treatment of acute ntyclo&uOuS Iciiiciiiu: soil 

Strand M In: F F Knapp and J A Buder (eds) Radionuclide 45 largely fall due to relapse. This isay^be due to inadec 4 uatc 

Generators, Vol 241, pp 215-230. Washington, DC. ACS. Preparation of the host or due to inadequate purging. We 

(1984)). These chelands have been conjugated to M195 P*°P°se to attempt to improve both aspects of this regimen 

without loss of immuKxeactrvity and the chelated Bismuth u$in 8 cytotxic monoclonal antibodies specific for acute 

212 can be made without loss of binding activity. These myelogenous leukemia cells and early myeloid progenitors, 

chelates are able to kill leukemia cells in model systems in 50 triB ^ wc ^ ^ &sscss mt safety and efficacy of 

vitro. Animals models of other Bismuth conjugated antibod- 1 ^M* 95 to improve on patient conditioning. If this is 

ies show no loss of bismuth to non-target organs. successful, in a later trial, we willaddM 195 purging of bone 

FIG. 11: Schematic diagram of the distribution of the marrow as wclL We will not try both at once, at this time, in 

M195 antigen in human tissues. The antigen is not known to ^ wc mi 8 nt assess mc effects of each alone, 

be present on any adult non-hernatopoietic tissues, so they 55 Phase I toxicity and pharmacology studies with l3l I- 

are not shown. The distribution in the hematopoietic cells is M 195 done here suggest mat in patients with low tumor 

shown. burden 3-5 rads per mG will be delivered to the marrow 

FIG. 12: Posterior and anterior whole body gamma cam- with 1M I-M195. Thus, in the proposed trial here, we expect 

era images of patient #1 . injected 1 8 hours earlier with 5 mCi to deliver specifically to the marrow up to an additional 200, 

m I M195 (1.5 mg). All known areas of leukemic involve- 60 400 and 600 rads at the three escalating dose levels of 

ment (bone marrow, spleen, liver, mediastinal chloroma) 131-M195. Doses to other organs should not be significant 

show marked uptake of M 195. M195 targets to bone marrow and carries a >ong range 

EXPERIMENT ^ isotope for the preparative regimen such as or 

instead of the short range isotope such as Bismuth or auger 

(Lcxnoli Abstract) 65 electron generators that are used for killing leukemias as 

Autologous Bone Marrow Transplantation in Acute Myel- described in Experiment 3 (above) to kill not only the cell on 

ogenous Leukemia (AML): In Vitro Treatment with which it is attached but also nearby normal and neoplastic 
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cells. This allows reinfiision of the new marrow. At the same 
time it kills residual neoplastic cells that may escape the 
chemotherapy or radiotherapy given as part of the conven- 
tional regimen. 

This preparative regimen may be (is)? useful for all 
allogeneic transplants, even those for non-hematopoietic 
cancer. It may be? is useful in autologous transplants as well. 

EXPERIMENT 7: GENETIC RETROVIRAL 
VECTOR SECTION 
Method for Antibody Targeting of Genetic Information into 
Hematopoietic Cells 

Retroviral vectors may be used to introduce exogenous 
DNA sequences into hematopoietic progenitors and pluri- 
potent stem cells. (Claudio Bordignon, et al, PNAS vol 
86:6748-6752 (1989); Stefan Karisson, et aL, PNAS vol 
85:6062-6066 (1988); Bruno Goud, Virology vol 
163:251-254 (1988); E. Gilboa, Bioessays vol 5(6):252 
(1986); W F Anderson, et aL Basic Life Sci. vol 37:59 
(1986)) Genetic information encoding, for example, a new 
gene or part of a gene required for enzyme or hemoglobin 
function or another required structural protein, is attached to 
M195 by a retroviral vector: Retroviral vectors usually;, 
require receptors for entry into target cells. M195 will 
substitute for the usual envelope protein involved in this 
entry and will thus confer specificity for the appropriate 
cells. 

M195 can be attached to the outside of the vector by 
chemical or genetic means: the M195 could be directly 
crosslinked to the viral envelope proteins; the M195 could 
be bound to another antibody or fragment which is directed 
against the viral envelope proteins; protein A can be inserted 
genetically into the envelope to bind M 195; or M 195 can be 
inserted genetically into the envelope, (see FIG. 13). 
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What is claimed is: 

1. A therapeutic agent comprising humanized monoclonal 
antibody M195 (XTCC HB 10306) and a cytotoxic agent 
conjugated thereto, wherein the cytotoxic agent is a 
polypeptide toxin. 

2. A therapeutic agent comprising humanized monoclonal 
antibody M195 (ATCC HB 10306) and a cytotoxic agent 
conjugated thereto, wherein the cytotoxic agent is an alpha 
particle emitter. 
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3. The merapeutic agent of claim 2, wherein the alpha 
particle emitter is selected from the group consisting of 
Lead-212, Bismuth-212, and Astatine-212. . 

4. The therapeutic agent of claim 3. wherein the alpha 
particle is Bismuth-212. 

5. The therapeutic agent of claim 3. wherein the alpha 
particle emitter is conjugated to the monoclonal antibody by 
means of a bifunctional chelate, 

6. A therapeutic agent comprising humanized monoclonal 
antibody M195 (ATCC HB 10306) and a cytotoxic agent 
conjugated thereto, wherein the cytotoxic agent is a beta 
particle emitter selected from the group consisting of 
Scandium-47, Rhenium- 186, Rhenium- 188. and Yttrium- 
90. 

7. The therapeutic agent of claim 6, wherein the beta 
particle emitter is Scandium-47. 

8. The therapeutic agent of claim 6, wherein the beta 
particle emitter is Yttrium-90. 

9. A therapeutic agent comprising humanized monoclonal 
antibody M195 (ATCC HB 10306) and a cytotoxic agent 
conjugated thereto, wherein the cytotoxic agent is an auger 
electron generator selected from the group consisting of 
Iodine- 123, Brom«ce-77. and Indium-li^ 

10. The therapeutic agent of claim 9. wherein the auger 
electron generator is Iodine- 123. 

11. A therapeutic agent conmrising humanized mono- 
clonal antibody M195 (ATCC HB 10306) and a cytotoxic 
agent conjugated thereto, wherein the, cytotoxic agent is a 
fissionable nuclide selected from the group consisting of 
Boron-10 and an Actinide. 

12. A method of treating acute or chronic myeloid leuke- 
mia in a human patient which comprises administering to the 
patient an amount of a therapeutic agent comprising human- 
ized monoclonal antibody M195 (ATCC HB 10306) and a 
cytotoxic agent conjugated thereto sufficient to bind to, and 
be internalized by, leukemic cells which express the antigen 
to which M195 binds so as to thereby destroy the leukemic 
cells. 

13. The method of claim IX wherein the amount of 
merapeutic agent is from about 0.05 mg. to about 100 mg. 

14. The method of claim 12. wherein the therapeutic agent 
is administered intravenously. 

15. The method of claim 12, wherein the cytotoxic agent 
is Iodine-131 and Iodine- 121 comprises an amount from 
about 50 mCi to about 200 mCi. 

16. The method of claim 12, wherein the cytotoxic agent 
is Yttrium-90 and Yttrium-90 comprises an amount from 
about 10 mCi to about 50 mCL 

17. The method of claim 12* wherein the cytotoxic agent 
is Bismuth-212 and Bismuth-212 comprises an amount from 
about 20 mCi to about 80 mCL 

18. The method of claim 12, wherein the cytotoxic agent 
is Iodine- 123 and Iodine- 123 comprises an amount from 
about 100 mCi to about 300 mCi. 

19. A method of destroying a human myeloid leukemia 
patient's bone marrow cells which comprises administering 
to the patient a therapeutic agent comprising humanized 
monoclonal antibody M195 (ATCC HB 10306) and a cyto- 
toxic agent conjugated thereto under conditions such mat the 
therapeutic agent binds to, and is internalized by, bone 
marrow ceils which express the M195 antigen in an amount 
sufficient to destroy the patient's bone marrow cells. 

20. The method of claim 19, wherein the amount of 
antibody is from about 0.01 mg to about 50 rag. 

21. The method of claim 19, wherein the therapeutic agent 
is administered intravenously. 
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Myeloid-Associated Differentiati 
Progeny Identified by 



on Antigens on Stem Cells and Their 
Monoclonal Antibodies 



By Robert G. Andrews. Beverly Torok-Storb. and Irwin D. Bernstein" 



Withm the hematopoietic system, monoclonal antibodies 
react.ve with antigenic determinants, expressed in a lin- 
eage- and stage-restricted fashion, can be used to map 
myeloid differentiation. We have generated a series of 
monoclonal antibodies tha, reacts with myeloid-associated 
determinants on committed myeloid stem cells and their 
progeny Their reactivity with peripheral blood cells was 
identified by immunofluorescence assays, with bone mar- 
row cells by fluorescence-activated cell sorting, and with 
commuted hematopoietic progenitor cells by both cyto- 
toxic assays and fluorescence-activated cell sorting. Anti- 
body 1G10. which has previously been reported to react 
w,th cells of the granulocytic lineage and with a minor 
subset of mature monocytes, was shown to react with 
granulocyte-macrophage colony-forming units (CFU-GM). 

QPECIFIC MORPHOLOGICAL and histnc h en,i- 
cai cnanges serve jo define stages of differentia- 
tion dunng terminal Myeloid maturation. In addition 
cell surface changes, which include the development of 
complement receptors,' 2 receptors for the Fc region of 
immunoglobulin, 34 and maturation-linked loss of his- 
tocompatibility antigens, 56 have been described How- 
ever, none of these surface markers allows discrimina- 
tion between lineages of hematopoietic cells, nor do 
they distinguish between stem cells of different lin- 
eages. 

The development of hybridoma technology 7 has 
al.owed generation of monoclonal antibodies selec- 
tively react.ve with antigenic determinants expressed 
in the hematopoietic system by myeloid cells at specific 
stages of differentiation. 8 - 32 Such antibodies are useful 
for examin.ng cell surface alterations during myeloid 
differentiation and are potentially useful for isolating 
and further characterizing subpomtlations of cells at 
specific stages of maturation, including stem cells 
Recently, Linker-Israeli cl al.' J and Hanjan et al :i 
have described monoclonal antibodies that react with 
monocytc-associated determinants and, in combina- 
tion with complement, can inhibit the growth of granu- 
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Three antibodies not previously characterized (T5A7, 
L4F3. L1B2) were shown to react with both granulocytic 
and monocytic cells and in fluorescence-activated cell 
sortmg studies to detectably stain granulocytic cells at 
different stages of maturation. These three antibodies also 
react with CFU-GM, two (L4F3 and L1B2I reacting with all 
CFU-GM. while T5A7 reacts with only a portion of the day 
7 CFU-GM. Antibody L4F3 also reacts with a portion of 
erythroid burst-forming units (BFU-E). In contrast, the 
previously reported antibody 5F1. which reacts with mono- 
cytic cells, nucleated erythroid cells, and platelets, was 
shown to react with erythroid colony-forming units (CFU- 
Poten »'al applications of these antibodies to studies of 
normal and malignant hematopoiesis are discussed, 

locyte-macrophage colony-forming units (CFU-GM). 
1 he use of antibodies reactive with.myeloid-associated 
differentiation antigens to characterize normal and 
malignant hematopoietic stem cell populations, how- 
ever, has not been fully exploited. For the purpose of 
further characterizing hematopoietic stem cells as well 
as myeloid differentiation, we have generated five 
monoclonal antibodies reactive with my- 
eloid-associated antigenic determinants. Two of these 
antibodies IGIO and 5F1, have been reported pre- 
viously. Antibody IGIO is reactive with a deter- 
minant expressed in high concentration by virtually all 
mature and immature granulocytes present in periph- 
eral blood and bone marrow, and in low concentrations 
on a minor subset of monocytes. Antibody 5FI detects 
a determinant expressed in peripheral blood by mono- 
cytes and platelets and in bone marrow by nucleated 
erythroid cells, monocytes, and megakaryocytes. Pre- 
hmmary evidence indicated that treatment of bone 
marrow cells with antibodies lGlOandSFl plus com- 
plement inhibited CFU-GM and (CFU-E), respec- 
tively, although the reactivity of these antibodies with 
the progenitor cells themselves was not directly demon- 
strated." For the present studies we produced three 
additional antibodies— L I B2, L4F3, and T5A7— 
which react with granulocytic cells at different stages 
of differentiation and with monocytes. We describe the 
reactions of these antibodies with myeloid cells, includ- 
ing myelocytic and erythrocytic progenitors. 

MATERIALS AND METHODS 
Production of Monoclonal Antibodies 

Leukemic cells from ,-ach of three palients with acute nonlympho- 
blastic leukemia (ANL> were used as immunogens for three sepa- 
rate lus.ons. Details of the immunization schedules, fusion methods. 

Blood. Vol. 62. No. 1 (July). 1983: pp. 124-132 



the ' in ilia 1 culture and screening of hybrids have been previously 
'jc^cnbcB-' 1 Spleen celts from immunized mice were fused with the 
pl-NS I- 1 -Ag4- 1 myeloma cell line. Hybrids lhat secreted antibody 
.,'iotoxic for the immunizing cell type but not for a B-ccll line 
jerived from one of the patients were formally cloned twice by the 
cchnique of limiting dilution. The resultant clones were grown as 
3>t iics tumors in pristane-primed BALB/c mice. Unless specified, 
a ll antibodies used in the studies presented here were in the form of 
unfractionated ascites fluids. 

Petermination of Monoclonal Antibody Isotype 

The isotype of monoclonal antibody present in ascites fluids was 
determined by immunoprecipitation using immunodiffusion plates 
(Uyland Diagnostics, Division of Travenoi Laboratories, Decrfield, 
ID with rabbit anti-mouse lgG„ \gG u , lgG 2b . IgGj, and IgM 
untiscra (Litton Bionctics, Kensington. MD). 

Peripheral Blood and Bone Marrow Cells 

Samples of peripheral blood and bone marrow were obtained from 
normal healthy volunteers following informed consent. Peripheral 
blood mononuclear cells were separated by Ficoll-Hypaque density 
(specific gravity 1.077) gradient cenirifugation. Bone marrow cells 
used for culture experiments were separated by diluting the sample 
1:1 with RPMi 1640 (Grand Island Biological Co., Grand Island, 
NY) in a 1 5-mI conical bottom test lube (Falcon, Division of Becton 
Dickinson, Oxnard. CA) and centrifuging at 1,000 x g for 10 min. 
BulTy coal cells were removed and resuspended in RPMI 1640. 
Following 3 sequential buffy coals, residual red cells were lysed 
using a 0. 1 55 M ammonium chloride buffer. 

Bone marrow cells used for analysis and separation by fluores- 
cence-activated cell sorting were isolated by using a specific gravity 
1.108 Ficoll-Hypaque cushion for density gradient separation. 

Samples of thymocytes, tonsil cells, and spleen cells were kindly 
provided by Dr. P. Martin, Fred Hutchinson Cancer Research 
Center. Seattle, WA. 

Peripheral Blood Granulocytes 

Peripheral blood granulocytes were isolated by a two-step Ficoll- 
Hypaque density gradient in which 4 ml of Ficoll-Hypaque (specific 
gravity 1.108) was overlaid in a 15-ml polystyrene conical bottom 
lest tube with 2 ml of Ficoll-Hypaque (specific gravity 1 .090). and 5 
ml of-heparinized blood-was then- layered on the gradient. The 
sample was centrifuged at 350 x g for 30 min. Mononuclear cells 
were separated at the top of the 1.090 specific gravity layer and 
granulocytes were isolated as a broad band within the 1.108 layer. 
Cells isolated from the 1 . 108 specific gravity layer were >98% viable 
by trypan blue dye exclusion and >99% granulocytes as determined 
by cytocentrifuge preparations stained with Wright-Giemsa and 
peroxidase stains. 

Adherent and Nonadherent Cell Separations 

Peripheral blood adherent and nonadherent cells were separated 
by means of plastic adherence as previously described.'* Adherent 
eells thus obtained were >95% viable by trypan blue exclusion. 
C woccnirifuge slide preparations stained with Wright-Giemsa and 
^Ipha-naphthylaceiate esterase (NSE) showed the adherent cells to 
be 85%-95% monocytes. The nonadherent cell population was >98% 
viable by trypan blue exclusion and <4% monocytes as determined 
b> Wright-Giemsa and NSE stains. To enrich for B cells. T cells 
were depicted from the nonadherent lymphocytes by resetting with 
V:-aminocthylisothiouronium bromide (AET)-treatcd sheep red 
olood eells. 



Phytohemagglutinin-Stimulated Lymphocytes 

Nonadherent peripheral blood mononuclear cells were cultured at 
107ml in RPMI 1640 supplemented with 10% fetal calf serum 
(FCS) in the presence of 3 pg/ml of phytohemagglutinin (PHA) 
(Burroughs- Wellcome, Research Triangle Park, NC). or without 
PHA. for 72 ;> hr at 37°C. 5% CO, in air. Resultant cells were 
harvested and examined for reactivity with antibodies by indirect 
immunofluorescent techniques. 

Immunofluorescent Studies 

Cells were labeled using a 1:10* dilution of primary antibody 
(ascites fluid), followed by a second step of a 1:40 dilution of an 
affinity-purified fluorescein-conjugated goat anti-mouse IgM or 
IgG antiserum (Tago. Inc., Burlingame, CA) as previously 
described. 1 " Fluoresccin-conjugated antibodies were centrifuged at 
1 0 5 x g for 10 min immediately prior to use in all assays. Antibodies 
used as negative controls for immunofluorescent studies were murine 
monoclonal antibodies of the same isotype as the lest antibodies 
(IgG^, 19EI2; IgM.Tl ID7 was provided by Dr. Ed Clark. Univer- 
sity of Washington, Seattle. WA) but with extraneous specificity 
(both are anti-mouse Thy- 1.1). Stained cells were analyzed by flow 
microfluorimetry using a FACS II (Becton Dickinson. Oxnard, CA) 
at a rate of I0 3 /scc and examined by p;»a?e centres! and fluorescence 
microseggy. 

Nucleated bone marrow ceils thus analyzed were separated into 
fluorescent and nonfluorescent populations by fluorescence-activated 
cell sorting. Separated ceils were maintained on ice until examined by 
cutturing them in vitro or by preparing cytocentrifuge slides, which 
were stained with Wright-Giemsa stain and for peroxidase, alpha- 
naphthylacetate esterase, and AS-D chloroacetate esterase activity 
(Sigma Histozyme Kits, Sigma Chemical Co., St. Louis, MO). 

Antibody-Dependent Complement-Mediated 
Cytolysis 

A quantity of 2.0 x I0 fr bone marrow buffy coat cells were 
incubated in 200 pi of a 1:10* dilution of antibody in RPM! 1640 
supplemented with 20% FCS for 30 min at room temperature. Two 
hundred microliters of a 1 :2 dilution of prcscreened rabbit serum was 
added and incubation continued for 60 min at room temperature. 
Controls were treated with the monoclonal IgM antibody Tl 1D7 
(anti-mouse Thy- 1. 1) and complement. Samples were washed 3 
times with RPMI 1640 and suspended in Alpha-plus medium 
(Alpha modification of Eagles minimal essential medium. Flow 
Laboraiuiicb, Ingiewoou, CA; supplemented with nucleotides and 
deoxyribonucleotides) at a cell concentration of 107ml based on the 
number ol ceils present in the sample prior to antibody treatment. 

Serum obtained from 1 7-2 1 -day-old New Zealand while rabbits 
(R&R Rabbitries. Everett, WA) of either sex was used as a source of 
complement. Serum was screened for lack of nonspecific toxicity as 
well as for its ability to mediate specific toxicity against committed 
myelocytic and erythrocytic progenitors cultured in vitro. Unless 
otherwise specified, rabbit scrum was used at a final concentration of 
1:4. 

In Vitro Cultures 

Granulocyte-macrophage colony-forming cells (CFU-GM) were 
cultured in semisolid agar medium consisting of Alpha-plus 
medium, 0.3% agar (Difco Laboratories, Detroit, Ml), 20% FCS 
(Sterile Systems Inc., Logan, UT). 100 U/ml penicillin G, and 100 
Pg/ml streptomycin (M.A. Byproducts, Walkcrsville, MD) with 
unfractionated human placenta conditioned medium, prepared 
according to the methods of Schlunk and Schieyer/ 3 added as a 
source of colony-stimulating activity. Bone marrow cells were cul- 
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Tvturcd at 1-2 x lO'/ml in 35-mm tissue culture dishes (Lux 
Scientific. Newbury Park, CA). Cultures were incubated at 37°C. 
5% CO ; , 100% humidity. Colonics containing > 50 cells were scored 
at days 7 and 14. 

Eryihroid burst-forming units (BFU-E) and crythroid colony- 
forming units (CFU-E) were gr6Vn in a plasma clot culture svstcm 
consisting of Alpha-plus medium, 30% FCS, 10% bovine serum 
albumin (Fraction V. Sigma Chemical Co.). 10% beef embryo 
extract (Grand Island Biological Co.), 10" M beta-mcrcaptoeiha- 
nol. 70 Mg/ml CaCI 2 , 100 U/ml penicillin G, 100 M g/ml streptomy- 
cin, 10% cttrated bovine plasma (Colorado Serum, Denver, CO), 
and erythropoietin (sheep fraction III. Connaught Laboratories' 
Swift Water. PA); 0.5 lU/ml for CFU-E and 2.0 lU/ml for BFU-E 
Cells were cultured at 1-2 x i0 5 /mL Cultures were plated as 150- M I 
ahquots in wells of flexible microliter plates (Dynatech Laborato- 
ries, Alexandria, VA) and incubated at 37°C, 5% CO,, 100% 
humidity. CFU-E were harvested at day 7 and BFU-E at day 14. 
Clots were dried and fixed with 5% glutaraldehyde onto microscope 
slides and then stained to identify hemoglobin-containing cells. 2 * 

RESULTS 

Five monoclonal antibodies reactive with granulo- 
cytic and monocytic cells in peripheral blood or bone 
marrow were generated using cells from patients with 
acute nonlymphoblastic leukemia (ANL) as the 
immunogens. Each antibody mediates complement- 
dependent lysis and is of the IgM isotype, except for 
UB2, which is an IgG 2a antibody. The reactions of 
these antibodies with peripheral blood and bone mar- 
row elements and committed hematopoietic progeni- 
tors were examined in the following studies. The 
previously reported reactivities of antibodies 5F1 and 
1G10 with peripheral blood and bone marrow 18 are 
included for comparative purposes. 

Characterization of Ami myeloid Monoclonal 
Antibody Reactivity With Peripheral Blood Cells 

Indirect immunofluorescent tests were performed 
-with-separated granulocyte, adherent monocyte, and 
nonadherent lymphocyte populations from six healthy 
individuals. Each of the five antibodies, except for 
LI B2, reacted with peripheral blood elements. 

When granulocytes were tested, three antibodies 
were found to react with virtually all the cells, two of 
which reacted strongly ( 1G 10, T5A7) and one weakly 
(L4F3) (Fig. 1). When adherent monocytes were 
tested, most cells were stained by three of the antibod- 
ies, with 5F1 and T5A7 binding in relatively higher 
amounts and L4F3 in a relatively lower amount. The 
previously described low level of reactivity of 1G10 
with a minor subset of monocytes was also observed. 18 

Nonadherent cells, consisting mainly of lympho- 
cytes, were nonreactive with each of the antibodies 
(Fig. 1), as were B-cell-cnriched nonadherent lympho- 
cytes, tonsil cells, spleen cells, erythrocytes, and thy- 
mocytes (data not shown). One of the antibodies, 
T5A7, reacted with approximately 30% of PHA- 
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Fig. 1. Reactivity of monoclonal antibodies with peripheral 
blood granulocytes, adherent monocytes, and nonadherent lym- 
phocytes: FACS analysis. Purified populations of granulocytes, 
adherent monocytes, and nonadherent lymphocytes were stained 
by indirect immunofluorescent technique as described, using each 
monoclonal antibody at a dilution of lilO 3 . Control samples were 
stained with antibodies of the same isotype and irrelevant specific- 
ity. For analysis of L1B2 reactivity, the negative control antibody 
was a murine monoclonal IgGj. (19E12. anti-mouse Thy-1.1). and 
for all other antibodies, the negative control was a murine mono- 
clonal IgM (T11D7. anti-mouse Thy-1.1). Samples were analyzed 
using a FACS-II equipped with a four-decade logarithmic amplifier, 
with photomultiplier setting of 850 V and a 546-nm green wide- 
band filter in place to decrease background autofluorescence. 
Histograms from a representative experiment show analysis of 10* 
cells in each sample. Control ( ); antibody ( ). 

stimulated lymphocytes containing greater than 90% T 
cells, as determined by staining with a pan-T-cell 
reactive antibody, 10.2 (data not shown); 5F1 reacted 
with platelets. Thus, we have identified four determi- 
nants selectively expressed in peripheral blood by cells 
of granulocytic and/or monocytic origin; 

Characterization of Monoclonal Antibody Reactivity 
With Normal Bone Marrow 

Individual cell populations in bone marrow reactive 
with the monoclonal antibodies were separated into 
positively and negatively staining cell populations by 
fluorescence-activated cell sorting. For the purposes of 
sorting, cells were considered positively stained if they 
had a level of fluorescence greater than that of the 
negative control population. Cytocentrifuge slides 
were prepared from the isolated populations and 
stained with Wright-Giemsa, peroxidase, and AS-D 
chloroacetatc esterase (to identify granulocytes) or 
NSE stains (to identify monocytes). 




Each of the five antibodies reacted with a subset of 
normal bone marrow cells (Table I ). Four reacted with 
myelocytic elements. Antibody 1GI0 labeled a subset 
of marrow elements which, when separated, contained 
a portion of the myeloblasts and greater than 90% of 
the myelocytic cells past the myeloblast stage in the 
sorted populations. Each of the other three antibodies 
positively stained and led to selection of subsets of 
myelocytic cells at different stages of maturation. 
T5A7 stained two discrete populations: a more highly 
fluorescent one consisted almost exclusively of mature 
granulocytes and band forms, and a moderately fluo- 
rescent one contained mainly band forms and meta- 
myelocytes. These two populations contained virtually 
all of the. mature granulocytic cells, including band 
forms present in the sorted ,>ODii!ations. The collected 
populations stained with L4F3 contained the majority 
of metamyelocytes, myelocytes, and promyelocytes 
and a portion of the myeloblasts present in the sorted 
populations, while tr.e LiB2-stained population con- 
tained only a portion of metamyelocytes and the 
majority of myelocytes, promyelocytes, and myelo- 
blasts. 

Immunofluorescent staining of greater than 20% of 
collected bone marrow monocytes by each of the 
antibodies except for 1G10 was also observed. Anti- 
bodies T5A7, L4F3, as well as 5F1 , which did not react 
with granulocytic cells, detectably stained most mono- 
cytes, while the LIB2-stained population contained 
only a minor proportion of marrow monocytes. Only 
5F1 reacted with other cellular elements in bone 
marrow, including nucleated erythroid cells and mega- 
karyocytes. While not selected in sorting experiments, 
megakaryocytes were observed to be reactive by fluo- 
rescence microscopy. 

Reactivity of Monoclonal Antibodies With 
Co*y.r»itted Hematopoietic Progenitor Cells 

The reactivity of each antibody with committed 
hematopoietic precursors, including CFU-GM, CFU- 
E, and BFU-E, was assessed first in negative selection 
experiments by the reduction of colony growth after 
treatment of bone marrow cells with antibody in the 
presence of complement. Since this method may also 
lead to deletion of auxiliary cells required for stem cell 
growth, falsely positive conclusions can be reached. 
Therefore, in positive selection experiments, bone mar- 
row cells reactive with antibody in indirect immuno- 
fluorescent tests were isolated by fluorescence-acti- 
vated cell sorting and then cultured for colony growth. 

Reactivity With Myelocytic Precursors (CFU-GM) 

In negative selection experiments, four of the anti- 
bodies inhibited CFU-GM growth when bone marrow 
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Table 2. Effect of Treatment With Monoclonal Antibody Plus 
Complement on Committed Myelocytic Progenitors 



CFU-GM 



Antibody 


Day 7 




Day 14 


T1 1D7 (control) 


105.6 ± 18.8 


43.6 


± 6.4 


1G10 


29.6 ± 7.8 (72%)* f 


29.8 


± 3.5 (32%)* 


T5A7 


74.3 ± 10.4 (30%)* 


37.3 


± 3.6(16%) 


L4F3 


1.5 ± 0.8 (99%)* 


3.0 


±1.1 (93%)* 


L1B2 


3.5 ± 2.2 (97%)* 


6.6 


± 3.1 (85%)* 


5F1 


88.3 ± 23.2 (16%) 


52.5 


±3.2 (0%) 



Bone marrow buffy coat cells were treated with antibody and 
complement and cultured as described. Controls were cells treated with 
an IgM monodonat antibody of irrelevant specificity (T1 107) and 
complement. Results are the mean ± SEM of colonies per 2 x 10 5 
marrow cells for 3 experiments done in triplicate. 
*p < 0.01. 

fPercent inhibition of colony formation. 

cells were treated with antibody and complement 
(Table 2). The growth of the more mature progenitors, 
which gave rise to colonies on day 7, was inhibited by 
these four antibodies, although T5A7 only partially 
inhibited colony growth. Colony formation by less 
mature progenitors, day- 14 CFU-GM, was partially 
inhibited by 1G10 treatment, not inhibited by T5A7, 
and almost completely inhibited antibodies L4F3 and 
LI B2. Antibody 5F1 did not affect the growth of either 
day-7 or day- 14 CFU-GM. 

For each antibody that inhibited CFU-GM in nega- 
tive selection experiments (Table 2), results were con- 
firmed by positive selection experiments in which bone 
marrow cells labeled with each antibody were sepa- 

Tablo 3. Reactivity of Monoclonal Antibodies With CFU-GM 
Determined by Indirect Immunofluorescent Staining and 
Fluoresc ence- Activated Cell Sorting 

CFU-GM 



Day 7 



Day 14 



Unseparated 


56.6 




5.1 


40.3 




5.7 


1G10 positive 


25.5 




5.2 


11.0 




4.4 


1G10 negative 


66.3 


± 


6.3 


64.9 




4.9 


Unseparated 


41.9 




10.2 


9.6 




3.0 


T5A7 positive bright 


34.6 




14.0 


0.2 


± 


0.2 


T5A7 positive dull 


103.0 




39.8 


3.0 


± 


1.2 


T5A7 negative 


52.8 




6.0 


34.8 




7.6 


Unseparated 


48.6 




6.9 


12.5 




2.4 


L4F3 positive 


81.3 




21.2 


14.7 




8.4 


L4F3 negative 


2.5 




0.6 


0.5 




0.3 


Unseparated 


48.8 




4.2 


21.0 




1.6 


L 1B2 positive 


70.8 




2.0 


14.7 




3.7 


L 1B2 negative 


51.0 




1 1.9 


21.9 


± 


5.4 



„^ KU , „^vj u, iiuurescence- 

activated cell sort.ng as described (see Table 1). Cells were sorted into 
positive and negative populations. As a control, cells from the stained 
sample were run through the sorter and all cells collected (unseparated). 
Cells from each of the fluorescent, nonfluorescent, and unseparated 
populations were cultured for CFU-GM. Results are the mean ± SEM of 
colonies per 10* marrow cells for each population from 2 experiments in 
which each population was cultured in duplicate or triplicate. 
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^[OID DIFFERENTIATION ANTIGENS 

Sritcd into positively and negatively stained populations 
(Table 3). The criteria for determining positively 
siaining cells for sorting in these experiments jwas the 
sam c as outlined for characterization of antibody 
reactivity with bone marrow. Labeling with 1 G 10, 
L4F3, or L1B2 led to the collection in the^fluorescent 
population of both day-7 and day- 14 colony-forming 
cells. Labeling with T5A7 led to the positive selection 
0 f only the day-7 colony-forming cells. Thus, the 
results of cell sorting studies strongly suggested that 
the reduction of colony growth by treatment with 
antibody plus complement was due to a direct lytic 
eifect on those cells. 

IG10 and LI B2 lysed the majority of day-7 CFU- 
G M colony-forming cells, but detectably stained only a 
portion of these. We therefore examined in the case of 
IGIO whether this was due to the expression of these 
antigens in relatively low amounts by determining 
whether cells stained with 1G10 and collected in the 
nonfluorescent population were susceptible to lysis by 
IG 10 and complement. The results;demonstrated that 
this treatment reduced the remaining colony-forming 
activity detectable on day 7 by 60%, suggesting that a 
low level of 1G 10 antigen is expressed by some non- 
fluorescent cells (data not shown). 

Reactivity With Committed Erythrocytic Progenitors 

The influence of each monoclonal antibody on 
mature (CFU-E) and immature (BFU-E) erythrocytic 
progenitors was examined. When CFU-E formation 
was examined following treatment of marrow cells 
with antibody plus complement, only treatment with 
5F! reduced colony growth (Table 4). Direct evidence 
for expression of the 5FI antigen on CFU-E came from 
positive selection experiments. In these experiments, 
the 5 Fl -positive populations were enriched 12-fold for 
CFU-E and contained 70%- 100% of all CFU-E pres- 
ent in the unsorted marrow sample (Tabic 5). 

Examination of BFU-E revealed that treatment 
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Table 5. Reactivity of Monoclonal Antibody 5F1 With CFU-E 
Determined by Indirect Immunofluore scent Staining and 
Fluorescence-Activated Celt Sorting 





CFU 


E 


Unseparated 


49.6 ± 


7.5 


5F1 positive 


615.0 ± 


155.8 


5F1 negative 


2.7 ± 


2.5 



Bone marrow cells were stained and separated by fluorescence- 
activated cell sorting as described (see Table 3). Cells from each of the 
sorted populations were cultured for CFU-E. Results are the mean ± SEM 
of colonies per 10 s marrow cells for each population from 2 experiments, 
in which each population was cultured in duplicate or triplicate. 

with antibody L4F3 in combination with complement 
produced partial inhibition of growth, while L1B2 
treatment resulted in a minor and not statistically 
significant effect (Table 4). The reactivity of antibod- 
ies L4F3 and LI B2 with BFU-E was therefore directly 
assessed by isolating cells stained with each of these 
antibodies. A portion of the total BFU-E present in 
sorted marrow was found in the L4F3-labeIed popula- 
tion (Table 6). Presumably, insignificant activity was 
found in the LI B2-labeled cells. 

DISCUSSION 

Within the hematopoietic system, monoclonal anti- 
bodies reactive with myeloid-associated antigenic 
determinants that are lineage- and stage-restricted in 
expression can be used to map myelocytic and erythro- 
cytic differentiation. In the present study we have 
identified cell surface antigenic alterations occurring 
during the course of myeloid differentiation. Of these 
antigenic determinants, one (1G10) is mainly 
expressed by the cells of the granulocytic lineage, 
including CFU-GM, and by a minor subset of mono- 
cytes. Three are found on both granulocytes and 
monocytes, and the expression of each of these can be 
detected at different stages of granulocytic differentia- 
tion by indirect immunofluorescent assays. Thus, 
T5A7 stained virtually all of the most mature myelo- 



Table 4. Effect of Treatment With Monoclonal Antibody Plus 
Complement on Committed Erythrocytic Progenitors 



Antibody 



CFU-E 



BFU-E 



T11D7 (control) 


80.8 




16.0 


21.8 




4.7 


1G10 


67.2 




19.4 (17%)* 


22.5 




7.4 (0%) 


T5A7 


86.6 




25.0 I0%> 


35.8 




6.3 (0%) 


L4F3 


64.8 




12.0(20%) 


1 1.8 




5.5 (46%)J 


L1B2 


93.9 




17.0 (0%) 


16.5 




4.5 (24%) 


5F1 


18.9 




9.0 (77%)t 


22.5 




1.5 (0%) 



Bone marrow buffy coat cells were treated with antibody and 
complement and cultured as described. Results are the mean ± SEM of 
colonies per 2 x 10 5 marrow cells for 2 experiments. 

"Percent inhibition of colony formation. 

tP < 0.01. 

i0.05 > p > 0.025. 



Table 6. Reactivity of Monoclonal Antibodies L4F3 and L182 
With BFU-E Determined by Indirect Immunofluorescent Staining 
and Fluorescence-Activated Cell Sorting 

BFU-E 



Unseparated 


54.0 - 3.4 


L4F3 positive 


23.4 ± 11.4 


L4F3 negative 


122.2 i 14.7 


Unseparated 


35.9 - 3.0 


L1B2 positive 


2.8 t 1.7 


L1B2 negative 


54.6 t 17.6 



Bone marrow cells were stained and separated by fluorescence- 
activated cell sorting as described (see Table 3). Cells from each of the 
sorted populations were cultured for BFU-E. Results are the mean ± SEM 
of colonies per 10 s marrow cells for each population from two experi- 
ments in which each population was cultured in duplicate or triplicate. 



cytic cells. L4F3 stained a slightly less mature myelo- 
cytic population in bone marrow, including a portion of 
the myeloblasts and the majority of cells up to and 
including metamyelocytes; and L1B2 detectably 
stained virtually all cell^from the myeloblast to the 
myelocyte stage and only a portion of metamyelocytes. 
Finally, a determinant associated with monocytes, 
nucleated erythroid cells, platelets, and megakaryo- 
cytes, which was not found on granulocytes, was 
identified (5FI). None of these antigenic determinants 
was detected on thymocytes or lymphocytes, except 
T5A7, which reacted with a subset of PHA-activated 
peripheral blood lymphocytes. The reactivity of four of 
these antibodies with maturing granulocytic cells is 
schematically shown in Fig. 2. 

Of particular importance in these studies was the 
extension of the characterization of monoclonal anti- 
body reactivity to an examination of committed hema- 
topoietic precursors. Of the committed stem cell popu- 
iartioiis examined, 1G10 reacted with most of the more 
mature CFU-GM and a smaller portion of the imma- 
ture CFU-GM; T5A7 reacted with only a small por- 
tion of the more mature CFU-GM; and L4F3 and 
LI B2 reacted with most of the mature and immature 
CFU-GM (Fig. 3). In addition, antibody L4F3 reacted 
with a proportion of BFU-E. In contrast, the antibody 
5F1 reacted selectively with CFU-E. Thus, we have 
identified a series of antibodies against maturation- 
linked determinants expressed by myeloid cells. 

The monoclonal antibodies described in this article 
are potentially applicable to the study of a number of 
important biologic questions. First, they are potentially 
useful for depleting or enriching myeloid cell popula- 
tions, including committed hematopoietic precursor 
cells. By separating populations of hematopoietic cells 
-at varying stages of differentiation, it will be possible to 
precisely examine the interaction between cell popula- 
tions in the regulation of hematopoiesis. Thus, 5F1 can 
be used to enrich CFU-E 12-fold and presumably by 
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F'Q. 2. Stages of granulocytic maturation. Summary of reac- 
tmty of monoclonal antibodies with granulocytic elements in bone 
marrow. The reactmty of each monoclonal antibody with granulo- 
cyte elements ,n bone marrow is schematically displayed. The 
th.ckness of each bar represents the percent of cells at each stage 
of maturation present in the sorted populations that were con- 
tained in the positively selected populations (see Table 1) 
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Fig. 3. Summary of reactivity of monoclonal antibodies w;*h 
granulocytic, monocytic, and erythrocytic elements. A schema of 
the expression of myeloid associated antigens is shown. The 
reactivity of each monoclonal antibody with all or a portion of cells 
of each lineage within different maturation compartments of the 
hematopoietic system is shown. The solid bars are a nonquantita- 
tive representation of antibody reactivity with ail or a portion of 
the cells in that compartment. The low fluorescent staining with 
IGIO of a minor subset of peripheral blood and bone marrow 
monocytes is not shown. Reactivities of antibodies with cells in 
each compartment are based on results of antibody lysis experi- 
ments, as well as FACS analysis and fluorescence-activated cell 
sorting studies. 

greater amounts when other antibodies, including 
those described here, are used to deplete other cells 
that express the 5F1 determinant. Further, IGIO, 
L4F3, and LI B2 can be used to select or deplete both 
mature and immature CFU-GM from bone marrow, 
while T5A7 will discriminate between these two CFU- 
GM populations. Since 1G10 is not reactive with 
circulating CFU-GM, it can also distinguish 'oouc 
marrow from peripheral blood CFU-GM. 19 

Thus far, three monoclonal antibodies identifying 
myeloid-associated antigens have been reported to be 
reactive with stem cells. Specifically, two antibodies 
described by Linker-Israeli et al. 13 were reactive with 
monocytes and were shown to inhibit CFU-GM detect- 
able following 10 days of culture. Hanjan et al. 21 
described a single monoclonal antibody that inhibited 
CFU-GM detectable at day 1 5 of culture. Monoclonal 
antibodies with less restricted lineage expression also 
have been shown to react with committed hemato- 
poietic progenitors. Specifically, monoclonal antibod- 
ies reactive with histocompatibility determinants 
(HLA-A,B; la-like), 25 - 6 blood group determinants 
(A, I, i), 27 determinants expressed by activated T 
cells, 28 - 29 and by leukocytes 30 have been shown to react 
with committed erythrocytic and myelocytic progeni- 




Myeloid differentiation antigens 

tors. Certain of these antibodies have been used to 
separate populations of cells enriched for hemato- 
poietic progenitors. Beverley et al. J0 used an antileuko- 
c ue monoclonal antibody, anti-HLE-1, to select com- 
mitted crythroid apd myeloid stem tells after eliminat- 
ing mature myeloid elements from marrow with an 
antimyeloid monoclonal antibody, TG-1. They 
obtained 60-100-fold enrichment of both erythrocytic 
and myelocytic/ monocytic progenitors in the same 
population. Griffin et al. 31 obtained tip to 100-fold 
enrichment of CFU-GM from the peripheral blood of 
patients with chronic myelogenous leukemia (CML) 
uS ing an anti-la monoclonal antibody after eliminating 
T and B cells and monocytes by immunorosetting 
techniques. It is not known whether erythroid precur- 
sors were also enriched in the selected populations. 
Similar strategies may now be evolved using antibodies 
reactive with more lineage-restricted antigens as well 
as less restricted antigens to isolate normal committed 
progenitor cells of a single Hncage in highly enriched 
populationsr-'Such techniques will be important for 
studies designed to dissect regulatory effects of puri- 
fied hemopoietins on individual classes of hemato- 
poietic progenitors. 

In a second application, these antibodies provide 
probes to examine cell surface biochemical changes 
and eventually the responsible genetic alterations that 
occur during normal as well as malignant myeloid 
differentiation. To date, biochemical studies have sug- 
gested that the antigenic structures detected by each of 
the antibodies described here are expressed at least in 
part on glycolipids. We have recently shown that IG 10 
recognizes the X-hapten carbohydrate determinant, 
which is expressed on both glycolipids and glycopro- 
teins on the promyelocyte leukemia line HL-60. 32 
_Iherefbre,_LG 1.0„detects_a common haptenic deter- 
minant present on different molecular species in a 
single cell and is due to specific modifications of 
previously existing antigens. The importance of spe- 
cific glycosylation events in altering cell surface anti- 
genic structures during differentiation of myeloid as 
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well as erythroid cells has been suggested by Hakomori 
et al. 33 This observation points out the need for caution 
in interpreting the molecular specificity of monoclonal 
antibodies, as they may detect epitopes found on 
multiple molecular species. Thus, biochemical studies 
to define the haptenic structures identified by mono- 
clonal antibodies will be essential to our understanding 
of the relationship of the antibodies described here 
with those reactive with myeloid differentiation anti- 
gens generated in other laboratories. 

In a third application, it will now be possible to 
relate the cell surface phenotype of malignant myeloid 
cells to stages of normal myelocytic differentiation 
based on the expression of maturation-linked antigens. 
Our experience to date has been that these antibodies 
react with the majority of myeloid leukemia cells 
tested, and they are useful in discriminating subsets of 
this disease. As previously reported, 18 the expression of 
these differentiation antigens is not necessarily consis- 
tent with the histochemical classification of leukemia. 
Thus, 5F1 may be expressed by myelocytic leukemias 
that positively stain with peroxidase but not with 
nonspecific esterase. Further, myelocytic leukemic 
cells may express differentiation antigens that are 
found on normal cells of nonmyelocytic lineages. 34 
Eventual analysis of the genetic basis for this unex- 
pected antigen expression may provide clues to the 
mechanism of transformation in myeloid malignan- 
cies. ■ 

Monoclonal antibodies reactive with differentiation 
antigens expressed by normal and malignant myeloid 
cells may be useful for treatment of nonlymphocytic 
leukemias, either for in vitro deletion of malignant 
cells from bone marrow in autologous bone marrow 
transplantation or for in vivo use as adjuvant therapy 
when tumor burden is at a minimum. The extent to 
which such antibodies are capable of distinguishing 
between leukemic cells and normal stem cells required 
for reconstitution of the bone marrow will determine 
their utility for purposes of therapy in ANL, and thus, 
. at present, their usefulness remains an open question. 
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1 GGNYTNGAYA CNGTNWSNTT YWSNACNAAR GGNGCNACNT AYATHACHTA 
CCNRANCTRT GNCANWSNAA RWSNTGNTTY CCNCGNT6NA TRTADTGNAT 
GlyLeuAspT hrValSerPh eSerThrLys GlyAlaThrT yrlleThrTy 

gcoRI 

51 YGTNAAYTTY YTNAAYGARY TNMGN6TNAA RYTNAARCCN GARGGNAAYH 
RCANTTRAAR RANTTRCTYR ANKCNCANTT YRANTTYGGN CTYCCNTTRW 
rValAsnPhe LeuAsnGluL euArgValLy sLeuLysPro GluGlyAsnSer 

6C0RI 

101 SNCAYGGNAT HCCNYTNYTN WSNAARGGNG AYGAYCCNGG NAARTGYTTY 
SNGTRCCNTA DGGNRANRAN HSNTTYCCNC TRCTRGGNCC NTTYACRAAR 
HisGlyll eProLeuLeu SerLysGlyA srAsoProGl yLysCysPhe 

151 GTNYTNGTNG CNYTNWSNAA YGAYAAYGGN CARYTN6CNG ARATHGCNAT 
CANRANCANC GNRANWSNTT RCTRTTRCCN GTYRANCGNC TYTADCGNTA 
ValLeuValA IsLeuSerAs nAspAsnGly GlnLeuAlaG luIleAlalle 

201 HGAYGTNACN WSNGTNTAYG TNGTNGGNTA YCAR6TNM6N AAYMGNWSHT 
DCTRCANTGN WSNCANATRC ANCANCCNAT RGTYCANKCN TTRKCNWSMA 
AspValThr SerValTyrV alValGlyJy rGlnVaiArg AsnArgSerT 

251 AYTTYTTYAA RGAY6CNCCN GAYGCNGCNT AYGARGGNYT NTTYAARAAY 
TRAARAARTT YCTRCGNG6N CTRCGMCGNA TRCTYCCNRA NAARTTYTTR 
yrPhePheLy sAspAlaPro AspAiaAlaT yrGluGIyLe uPheLysAsn 



301 ACNATHAARA AYCCNYTNYT NTTYGGNGGN AARACNMGNY TNCAYTTYGG 
TGNTADTTYT TRGGNRANRA NAARCCNCCN TTYTGNKCNR ANGTRAARCC 
ThrlleLysA SnProLeuLe uPheGtyGly LysThrAFgL euHlsPheGl 

351 NGGNWSNTAY CCNWSNYTNG ARGGNGARAA RGCNTAYMGN GARACNACHG 
NCCNWSNATR G6NWSNRANC TYCCNCTYTT YCGNATRKCN CTYTGNTOIC 
yGlySerTyr ProSerLeuG luGlyGluLy sAlaTyrArg GluThrThrAsp 



* 01 ^YYTNgGNAT HGARCCNYTN HGNATHGGNA THAARAARYT NGAYGARAAY 
?RANCCNTA DCTYGGNRAN KCNTADCCNT ADTTYTTYRA NCTRCTYTTR 
LeuGlyll eGluProLeu ArglleGlyl leLysLysLe uAspGluAsn 

451 GCNATKGAYA AYTAYAARCC NACNGARATH GCNWSNWSNY TNYTNGTMGT 
CGNTADCTRT TRATRTTYGG NTGNCTYTAD CGNWSNWSNR ANRANCANCA 
AlalleAspA snTyrLysPr oThrGlulle AlaSerSerL euLeuVaiVal 



trranccnta dctyggnran ^]}||fn| adttyttyra nctrctyttr 
cgnTOSTRT !B£XRXTYgg ntgnc|y|^d cgnwsnwsnr anrancmca. 

50i tjATHCARATG GTNWSNGARG CNGCNHGNTT YACNTTYATH GARAAYCARA 
NTADGTYTAC CANWSNCTYC GNCGNKCNAA RTGNAARTAD CTYTTRGTYT 
IleGinMet ValSerGluA laAlaArgPh eThrPhelle GluAsnGlnl 

551 nT YC l RCA ^ MGNATHMGNC CNGCNAAYAA YACNATHMSN 

ABKCNTTRTT RAARGTYGTY KCNTADKCNG GNCGNTTRTT RTGNTAWSN 
leArgAsnAs nPheGlnGIn ArglleArgP roAlaAsnAs nThrlleSer 

601 YTNGARAAYA ARTGGGGNAA RYTNWSNTTY CARATHHGNA CNWSNGGNGC 
RANCTYTTRT TYACCCCNTT YRANWSNAAR GTYTADKCNT GNWSNCCMCG 
LeuGluAsnL ysTrpGiyLy sLeuSerPhe GlnlleArgT hrSerGlyAl 



FIG. 2A 



) 



UJS. Patent May 20, 1997 Sheet 3 of 13 5,631,348 



651 



701 



B$$XSS!&T§ IDJSNSARG CNGTNGARYT NGARMGN6CN AAYGGNAARA 
NTTRCCNTAC AARNSNCTYC GHCANCTYRA NCTYKCNCGN TTRCCNTTYT 
aAsnGlyMet PheSer61uA laValGluLe uGluArgAla AsnGMysLys 

55IAYTAYGT NACNGCNGTN GAYCARGTNA ARCCNAARAT 1KCKYTNYTN 

^kprsss hsshb! aisrw ssfi^ 

TyrTyrVa IThrAlaVal AspGlnValL ysProLysIl eAlaLeuLeu 



751 mm mm m 

LysPheValA spkysAspPr oGlu 



length: 774 

ecoRI(GAATTC) 
not found 



96 107 572 



WHEREIN: 



R 
Y 
B 
D 
H 



A, 6 

C,T 

C,6,T 

A,6,T 

A,C,T 



K 
ft 
V 
H 

X 



GjT 
A,C 
A.CG 
A#T 

unknown 



N = any 
S = C.G 
: = unknown 
- = Ignored 



FIG. 2B 



U.S. Patent 



May 20, 1997 



Sheet 4 of 13 



5,631,348 



gelonin 

tricho 

abrin 

ricin 

agg 

gelonin 

tricho 

abrin 

ricin 

agg 

gelonin 

tricho 

abrin 

ricin 

agg 

gelonin 

tricho 

abrin 

ricin 

agg 

gelonin 

tricho 

abrin 

ricin 

agg 

gelonin 

tricho 

abrin 

ricin 

agg 



1 GLDTV: 

i — 

1 WAVATWLCFGSTSGHSFTLMNN I FPHpPI 





FIG. 3 



) ) 

U.S. Patent May 20, 1997 Sheet 5 of 13 5,631,348 




FIG. 4 



U.S. Patent May 20, 1997 Sheet 6 of 13 5,631,348 



LC A 214,4 550,100 OFKCGRCLOD 

400- 
300- 
200- 



100- 



J*— • — . — r— > — ■ — < — « — i — ■ — ■ — ■ — ■ — « — ■ — « — ■ — . — i — • — . — . — ■ i ■ — 
10 20 30 40 50 

FIG. 5A 



U.S. Patent 



May 20, 1997 



Sheet 7 of 13 



5,631,348 



LCA2I4.4 



550,100 



OFGRV3SUP£> 




TMECnto 



FIG. 5B 



) 



U.S. Patent May 20, 1997 Sheet 8 of 13 



5,631,348 



LCA2I4.4 



550,100 



400- 



300- 



c 200 H 



100- 



0FHTA2J) 




—I r- 

10 



— I — 

20 



— r— 
30 



FIG. 50 



U.S. Patent May 20, 1997 Sheet 9 of 13 5,631,348 



1.5 




-2.01— , , , , , , • , 

25 5C 75 100 125 150 175 200 225 250 



HQ. 6A 



U.S. Patent May 20, 1997 Sheet 10 of 13 5,631,348 




FIG. 6B 



U.S. Patent May 20, 1997 Sheet 11 of 13 5,631,348 




FIG. 6C 



U.S. Patent May 20, 1997 Sheet 12 of 13 5,631,348 




FIG. 6D 



U.S. Patent May 20, 1997 Sheet 13 of 13 5,631,348 




} 



5,6: 

1 

PROTEIN SEQUENCE OF THE PLANT 
TOXIN GELONIN 

This is a continuation of application Ser. No. 08/119,899 
filed on Sep. 10, 1993, now abandoned, which is a continu- 
ation of U.S. Ser. No. 07/908,959 filed Jul, 6. 1992, 
abandoned, which is a continuation of U.S. Ser. No. 07/567, 
220, filed Aug. 14, 1990, now abandoned 

TECHNICAL FIELD 

This invention relates to substantially purified gelonin, 
toxic fragments thereof, the DNA sequences encoding gelo- 
nin and use of the DNA for producing, by recombinant 
technology, gelonin, toxic fragments thereof and fusion 
proteins. More specifically, the invention relates to the 
primary amino acid sequence of gelonin, and of the DNA 
encoding said gelonin and the production of synthetic gelo- 
nin and toxic fragments thereof. 

BACKGROUND ART 

A major challenge for the design of a^drugtfor treatment 
of any disease is specificiiy and efficacy. Various drags 
available for the treatment of cancer suffer from problems of 
this nature. The concept of targeting toxic drugs selectively 
to certain tumors has been a subject of intense research in the 
last few years (Thorpe (1985) Biol Clin Applications 
84:475-512; Moiler ed. (1982) Immun, Rev. 62:1-215). 
Recently both monoclonal and polyclonal antibodies, 
lectins, lyrnphokines and hormones which recognize specific 
deterrninants on the surface of the tumor cell have been used 
as carriers to deliver toxic agents into the cell, where the 
latter can exert their cytotoxic potential (Blattler, et aL 
(1985) Biochemistry 24:1517-1524; Frankel, et aL (1985) J. 
Biol, Res, Modif, 4:437-446; Reimann, et aL (1988) 7. CUn, 
Invest, 82:129-138; Schwartz and Vale (1988) Endocrinol' 
ogy 122:1695-1700; Scott, etaL (1987)/ Afart Cancer Inst 
79:1163-1172; Singh, et aL (1989) Biol Chem. 
2643089-3095; Srinivasan, et aL (1985) FEBS Utters 
192:113; Schwartz, et al. (1987) Endocrinology 
121:1454-1460). Toxic moieties thus far investigated with 
these delivery agents include radionuclides (Ghose, et aL 
(1967) Br p Med, J, 1:90-96), cytotoxic drugs commonly 
employed in cancer chemotherapy (Thorp. and Ross (1982) 
Immun, Rev, 62:119-157; Deweger, et al^(1982) Immun, 
Rev 62:29-45; Anion and Sela (1982) Immun. Hev. 62:5-27; 
Pimm, et al, (1982) Cancer Immun, Immunotherap, 
12:125-134; Rowland and Axton (1985) Cancer Immun, 
Immunoiherap, 19:1-7) and proteins derived from bacteria 
and plants such as diptheria or ricin (Jansen, et aL (1982) 
Immun. Rev, 62:185-216; Raso (1982) Immun, Rev, 
62:93-117. Vitetta, et aL (1982) Immun, Rev 9 62:159-183; 
Nelville and Youle (1982) Immun. Rev, 92:47-73; Thorpe, et 
al. (1981) Eur, J. Biochenu 116:447-454). A specific mol- 
ecule is designed by replacing the noiispecific B chain with 
an antibody or a hormone. 

Bacterial and plant toxins, such as diphtheria toxin (DT), 
Pseudomonas aeruginosa toxin A, abrin, rein, mistletoe, 
modeccin, and Shigella toxin, are potent cytocidal agents 
due to their ability to disrupt a critical cellular function. For 
instance, DT and ricin inhibit cellular protein synthesis by 
inactivation of elongation factor-2 and inactivation of ribo- 
somal 60s subunits, respectively (Bacteria! Toxins and Cell 
Membranes, Eds. Jclajaszewicz and Wadstroru (1978) Aca- 
demic Press, p. 291). These toxins are extremely potent 
because they are enzymes and act caialytically rather than 
stoichiometrically. The molecules of these toxins are com- 
posed of an enzymatically active polypeptide chain or 
fragment, commonly called M A M chain or fragment, linked to 
one or more polypeptide chains or fragments, commonly 
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called "B" chains or fragments, that bind the molecule to the 
cell surface and enable the A chain to reach its site of action, 
e.g., the cytosol, and carry out its disruptive function. The 
act of gaining access to the cytosol is called variously 

5 "internalization", intoxication", or "translocation". These 
protein toxins belong to a class bearing two chains referred 
to as A and B chains. The B chain has the ability to bind to 
almost all cells whereas the cytotoxic activity is exhibited by 
the A chain. It is believed that the A chain must be timely 

1Q liberated from the B chain-frequently by reduction of a 
disulfide bond-in order to make the A chain functional. 
These natural toxins are generally not selective for a given 
cell or tissue type because their B chains recognize and bind 
to receptors that are present on a variety of cells. 

15 The availability of a toxin molecule whic! » i s no* cytotoxic 
to a variety of cells when aaministered alone has been 
limited. Utilizing certain naturally occurring single chain 
toxin molecules which do not themselves bind to cell surface 
receptors and, therefore, are not normally internalized by 
cells, has provided toxic molecules which are relatively 

1 non-toxic io most, if not alL cells when administered alone. 
Such naturally occurring single chain toxins known to date, 
include, but are not limited to, pokeweed antiviral protein 
(Ramakrishnan and Houston (1984) Cancer Res, 
44:201-208), saponin (Thorpe, et aL (1985) J. Natl, Cancer 

2J Inst. 75:151-159), and gelonin (Stirpe, et al (1980) /. Biol 
Chem. 255:6947-6953). These proteins are nontoxic to cells 
in the free form, but can inhibit protein synthesis once they 
gain entry into the cell. However, the availability of these 
single chain toxins in substantially pure form is limited due 

30 to the fact that they must be purified from plant sources in 
which they occur in relatively low amounts and the repro- 
ducibility of the concentration of the toxin in the plants is 
dependent upon plant growth conditions and plant harvest 
conditions. 

35 Gelonin is a single chain polypeptide isolated from seeds 
of a plant, Gelonium mulHforum, having a molecular weight 
of approximately 28,000-30,000 kd. Gelonin is a basic 
glycoprotein with an approximate isoelectric point of 8.15 
and contains mannose and glucosamine residues (Falasca, et 

40 al. (1982) Biochem J, 207:505-509). In contrast to other 
plant and bacterial toxins, this protein is not toxic to cells by 
itself, but when delivered to cells through a carrier, it 
damages the 60s ribosomal subunit In vivo and in vitro 
biological data suggest that gelonin is equivalent or superior 
to other plant toxins. In fact, the results of a comparison of 
gelonin conjugates in vitro and in vivo with other A chain 
conjugates indicated that gelonin had similar potency, better 
selectivity, better tumor localization, and more significant 
therapeutic effects (Sivan, et al (1987) Cancer Res, 
473169-3173). However, the availability of a reproducible, 

50 readily accessible supply of gelonin from natural sources is 
limited. In addition, the purification of gelonin from plant 
sources is difficult and the yield is very low. 

Gelonin by itself has been shown to be abortifacient in 
mice and enhances antibody dependent cell cytotoxicity 
55 (Yeung, et al (1988) Internatl. J, Peptide Protein Res, 
31:265-268). 

Several investigators have utilized gelonin as a cytotoxic 
agent chemically attached to monoclonal antibodies or to 
peptide hormone cellular targeting ligands. However, 
_ chemical modification of gelonin and cellular targeting 
moieties can reduce targeting efficiently and cytotoxic 
potential of gelonin itself. Furthermore, natural sources of 
gelonin are subject to variability in harvesting and plant 
growth which can affect gelonin cytotoxic activity. The 
65 ability to produce a synthetic gelonin toxin, chemically or 
utilizing recombinant technology, provides a plentiful, 
reproducible source of the toxin. 
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SUMMARY OF THE INVENTION 

The present invention provides substantially pure gelonin 
having the amino acid sequence shown in FIG. 1. The 
present invention also provides the DNA sequence for 
gelonin shown in FIG. Z Utilization of the sequences of the 
present invention to produce substantially pure gelonin in 
plentiful amounts by recombinant technology provides 
abundant amounts of the toxin which were not heretofore 
available from natural sources. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows the amino acid sequence of gelonin. 
FIG. 2 demonstrates the cDNA encoding for gelonin. 
FIG. 3 demonstrates the homology of the gelonin amino 
acid sequence with the sequence of trichosanthin, Ricin A 
chain, Agglutinin precursor isolated from Castor bean and 
Ahrin A chain. 

FIG. 4 demonstrates the HPLC profile of CNBr frag- 
ments. 

FIGS. SA, 5S and 5C demonstrates the HPLC profile of 
(A) Lys-c, (B) Staphyloccus protease, and (Q Hydroxy- 
laruine digests of gelonin. 

FIGS. 6 A, 6B, 6C and 6D demonstrates the hydropho- 
bic^ plots of gelonin (A), trichosanthin (&% ahrin (C), ricin 
(D), and agglutinin precursor (E). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The term "substantially pure" when applied to the gelonin 
protein of the present invention means that the polypeptide 
is essentially free of other plant proteins normally associated 
with the gelonin in its natural state and exhibiting reproduc- 
ible electrophoretie or chromatographic response, elution 
profiles, and toxic activity. The term "substantially pure'* is 
not meant to exclude artificial or synthetic mixtures of the 
gelonin protein with other compounds. 

Gelonin was purified from the s eeds of die plant Gilonin 
multiforum by techniques known to those of skill in the art 
The amino acid sequence was determined utilizing a modi- 
fication of the Edman degradation method 

Samples of gelonin were applied to the reverse phase 
reaction chamber and subjected to Edman degradation. The 
N-terminal of gelonin was found to be heterogeneous (Vfc of 
die molecules of the protein were apparently one amino acid 
shorter than the others). This heterogeneity made it difficult 
to sequence much more than 40 cycles. Therefore, in order 
to determine further amino acids in the sequence, enzymatic 
cleavage was performed. 

Internal sequence of proteins is generally obtained by 
digesting or cutting up the large protein molecule into 
smaller pieces with a combination of enzymes and chemical 
cleaveges. When native gelonin was exposed to various 
protolytic enzyzme digestions, it was found to be incom- 
pletely cleaved. This was found to be partly due to a 
disulfide bond in the N-terminal part of the molecule. 
Breaking of this bond by reduction and alkylation with 
iodoacetic acid yielded a fragment that was less soluable 
than the native material at the pH required for enzymatic 
digestion. A combination of digestion of native gelonin with 
trypsin, Lysine aminopeptidase (Lysc), staphlococcal pro- 
tease (V8), and chymotrypsin yielded peptides mostly from 
the C-terminal portion of the molecule. This indicated that 
the N-terminal part of the molecule (from the N-terminal 
analysis to the Asp-Ala-Pro at residue 70) was not readily 
accessible by enzyme digestions. 

Gelonin was cleaved with cyanogen bromide into 3 large 
peptides. Protein aliquots (0.2 mg/ml) were dissolved in 
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70% formic acid. A crystal of cyanogen bromide was added 
to the solution and the reaction allowed to proceed for at 
least 18 hours. The solution was then diluted with water and 
was applied to a small sequencing column. After sample 
5 application, a gradient of 1% to 10% n-propanol with 0.1% 
TFA was used to elute the protein fragmants. The elution 
profile is shown on FIG. 4. 

Enzymatic digestion of the whole protein or of CNBr 
fragmants yeilded overlapping peptides. Enzymatic diges- 
tions with Lysyl endopeptidase in 0.1% SDS 100 mM Iris 
pH 8.0, Staphylococcus Aureus Protease in 0.1% SDS or 
trypsin in 0. 1% Tween 20 were carried out Gelonin contains 
one cysteine residue at position 49. Reduction and car- 
boxymethylation yeilds a protein which recovers better on 
reverse phase HPLC and is more susceptible to enzymatic 

is digestion. Therefore, most of the enzymatic digestions were 
carried out in 0.1% SDS or 0.1% Tween. 

After uie C-terminal 160 residues were aligned by a 
combination of CNBr digests and enzymatic cleaveges. The 
remaining unknown sequence between residues 40 to 70 was 

20 determined by a combination of chemical modification of 
cysteine with iodoacetic acid and soiublzation of the alky— 
lated protein with SDS. The RCM alkylated gelonin was ' 
then cleaved with excess Lysc enzyme at 37° C for short 
periods of time (1-5 nr.). The HPLC elution profile is shown 

25 on FIG. 5 A. 

This method yielded a new sequence that had not been 
seen before. This new sequence showed the existence of an 
Asn-Gly combination. This combination of amino acids is 
cleaveable by a chemical method using hydroxylamine. 

30 Hydroxylamine cleavage was carried out by adding 100 
ug of gelonin to freshly prepared hydroxylamine (2M) in 0.2 
M Tris (pH 9.0) with 2M NaQ, mm EDTA and 10% ethanoi 
After incubation for 7 hours at room temperature, the entire 
reaction mixture was applied to a sequencing column. The 

35 colulmn was then washed with 1% TFA in water and either 
eluted with an acetonitrile gradient or was sequenced 
directly as a mixture. This chemical deavege produced a 
large hydrophobic peptide that contained about a 200 amino 
acid sequence which connected with the Asr>- Ala-Pro at 
residue 70. The elution profile is shown on FIG. SC. 

40 The remaining, short section of overlapping sequence 
from between residues 40 to 50 was determined by digesting 
gelonin without alkylation by Lysc in SDS. This digested 
away most of the C-terminal part of the material. Then this 
mixture was digested again by chymotrypsin. The products 

45 of this digestion were then separated by HPLC. Sequence 
analysis of a large peptide revealed a sequence (SerThrLys) 
starting about 5 amino acids in from the N terminal end of 
the molecule. This was useful in that it removed the hetero- 
geneous part of fee molecule and allowed for a longer 

50 sequence run. 

Gelonin protein comprises 258 amino acids, the sequence 
of which is demonstrated on FIG. 1. The amino acid 
sequence of gelonin was compared to other known 
sequences available in sequence data banks (Genbank, PIR, 

55 EMBL) to determine whether gelonin has any areas of 
homology with other proteins. Comparison of the gelonin 
amino acid sequence with other proteins having known 
amino acid sequences, demonstrated that the gelonin 
sequence is unique. Homology of certain portions of the 
gelonin sequence to portions of other proteins was detected. 
For instance, gelonin demonstrates a 36.0% homology with 
alphatrichosanthin from Trichosanthin kirilowi, 33.8% 
homology with Ahrin A chain from Indian Ltcquorice, 
35.2% homology with agglutinin precursor from Castor 
bean, 33.7% homology with Ricin D, A chain from Castor 

65 bean and 27.3% homology with antiviral protein (MAP) 
from Mirabills jalapa. A summary of the degree of homol- 
ogy to these and other proteins is shown on FIG. 3. 



5,6? 

5 

Hydrophobicity plots shown on FIG. 6A-6E demonstrate 
a similarity to hydrophobic regions of trichosanthin, Ricin 
and to other ribosomal inhibiting proteins. 

A plot of the hydropathy of the gelonin structure shows a 
hydrophobic region in residues 35-80 and 150-180. These 
are areas in which substantial folding of the molecule 
probably occurs. This similar hydrophobic pattern is also 
observed for other toxins (see FIGS. 6A-6E) and may 
suggest that the active enzymatic center may be contained 
within these folded regions. Therefore, the active enzymatic 
site may not be found in a linear region of the molecule and 
these structures may need to be adequately folded to attain 
me proper enzymatic center. 

Utilizing the cDNA of gelonin, recombinant gelonin can 
be produced. Mutations can be specifically introduced into 
the molecule in order to provide recombinant gelonin lack- 
ing carbohydrate groups which can misdirect gelonin- 
antibody conjugates. Recombinant gelonin molecules can be 
produced by site directed mutagenesis to have greater toxic 
activity than the native molecule, to be more effectively 
internalized once bound to the ceil surface by a carrier such 
as a monoclonal antibody or a targeting ligand such as IL-2, 
EGF, IFM, etc., to resist lysosomal degradation and thus be 
more stable and longer acting as a toxic moiety. 

Recombinant gelonin molecules can also be engineered as 
fusion products to contain other functional modalities to kill 
cells such as an enzymatic activity, TNF, IFN activity, a 
second toxic activity, such as diptheria toxin action (wherein 
said second activity was through a different biological 
pathway than gelonin), thus creating a "supertoxin" or a 
toxin with multifunctional actions. 

Fusion proteins can be engineered with gelonin to cany 
drugs such as chemotherapeutic agents or isotopes for 
radioimaging or radiotherapy. Gelonin peptides may have 
application as aboitofacient agents, immuno suppressive 
agents, anticancer agents and as antiviral agents (such as an 
anti-HIV agent). 

The following examples provide a detailed description of 
the preparation, characterization, and amino add sequence 
of gelonin. The experimental methods utilized are described 
in detail in the examples below. These examples are not 
intended to limit the invention in any manner. 

EXAMPLE 1 

Purification and Characterization of Gelonin 

Gelonin was isolated from the seeds of the plant Gelonim 
multiforum essentially according to the procedure as 
described (Stirpe, et ai. (1980) /. BioU Chem 255 
6947-6953). Briefly, gelonin was extracted from the seeds 
by homogenization in buffered saline solution (pH 7.4). The 
supernatant was concentrated after dialysis against 5 mM 
sodium phosphate (pH 6.5) and the gelonin further purified 
by ion exchange chromatography as described below. The 
purity of the gelonin toxin was assessed by high pressure 
liquid chromatography (HPLC) and sodium 
dodecylsulphate-polyacylamide gel electrophoreseis (SDS- 
Page). Gelonin toxin migrated as a single band with an 
approximate molecular weight of 29-30,000 daltons. 

Gelonin toxin activity was measured as described in 
Example 2 by protein synthesis inhibition in a cell-free 
system. 

Seeds of Gelonium multiflorum were shelled and the nuts 
ground in a homogenizer with eight volumes of 0.14 M 
NaCl containing 5 mM sodium phosphate (pH 7.4). The 
homogenate was left overnight at 4° C. with continuous 
stirring, cooled on ice and centrifuged at 35,000 times g for 
20 minutes at 0° C. The supernatant was removed, dialyzcd 
against 5 mM sodium phosphate (pH 6.5) and concentrated 
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using a pmlO filter. The sample was layered on a CM-52 
ion-exchange column (20x1,5 cm) equilibrated with 5 mM 
sodium phosphate (pH 6.5). Material which bound to the ion 
exchange resin was eluted with 400 ml of 0 to 0.3 M linear 

5 NaCl gradient at a rate of 25 ml hour at 4° C. Five ml 
fractions were collected. The fractions were monitored at 
280 nmin a spectrophotometer. The gelonin eluted in about 
fractions 55-70 and was the last major elution peak. These 
fractions were pooled, dialyzed against 0.1 M NaCl in 0.1 M 

1Q Na2HP0 4 buffer (pH 7.4). The sample was then applied to 
a Cibacron blue sepharose column (24x2 cm) previously 
equilibrated with 0.1 M NajHKyO.l M NaCl buffer. The 
column was washed with 3 column volumes of buffer and 
eluted with a 400 ml linear salt gradient (from 0.1 M NaCl 
to 2 M NaCl). Elution of the bound material was monitored 

15 by Lowry assay of the column fractions. The fractions 
containing the single protein peak were pooled and dialyzed 
overnight at 4° C. against PBS. Gelonin toxin was purified 
to greater than 97% rxirity as estimated from silver stained 
PAGE. The purity and the molecular weight of each prepa- 

20 ration was checked on high pressure liquid chromotography 
using a TSK 3000 gel rjermeation column with 50 mM 
sodium phosphate buffer, pH 7.4 and 15% sodium, 
dodecylsulphate^lyacrylamide gel electrophoresis (SDS- 
page). Gelonin migrated as a single band with an approxi- 

25 mate molecular weight of 29-30,000 daltons. 

EXAMPLE 2 

Assay of Gelonin Activity 

30 The gelonin activity was monitored in a cell-free protein 
synthesis inhibition assay. The cell-free protein synthesis 
inhibition assay was performed by sequentially adding to 50 
ul rabbit reticulocyte lysate, thawed immediately before use, 
mixing after each addition, the following components: 0.5 

35 ml of 0.2 M Tris HQ (pH7.8), 8.9 ml of ethylene glycol, and 
0.25 ml of 1 M HQ). 

Twenty microliters of a salt-amino acid-energy mixture 
(SAEM) consisting of: 0375 M KQ, 10 mM Mg(CH 3 COJ 
2 , 15 mM glucose, 025- 10 m M amino acids (excluding 

40 leucine), 5 rnMATP, 1 rnMGTR 50 mMIris-HCl (pH 7.6), 
10 ul Creatinine phosphate-creatinlne phosphokinase, 8 ul 
[ 14 C] leucine (Amersham, 348 mCi/mmol), and adding 1.5 
ul of solutions containing varying concentrations of the 
gelonin mixture. The mixture was incubated for 60 minutes 

45 at 30° C. 14 C-leucine incorporation was monitored in an 
aliquot of the mixture by precipitating synthesized protein 
on glass fiber filters, washing in 10% TCA and acetone, and 
monitoring the radioactivity in a Beta-counter using Aquasol 
scintillation fluid* Utilizing this assay, purified gelonin had 
a specific activity of 4xl(TU/mg protein. A unit of gelonin 

50 activity is the amount of gelonin protein which causes 50% 
inhibition of incorporation of [ C] leucine into protein in 
the cell free assay. 

EXAMPLE 3 

55 

Determination of Gelonin Amino Acid Sequence 

The gelonin aniino acid sequence was determined by the 
Edman degradation method using an automated amino acid 
sequencer as described in European Patent Application No. 
EP-257735. Large peptides and unfragmented protein were 
applied to the reverse phase portion of the sequence reaction 
chamber. Unwanted buffer components were washed off 
with excess water. The protein or peptide sample was then 
sequenced by Edman chemistry and the extracted ATZ 
amino acid derivatives were converted to the FTH form by 
25% TFA in II^O at 65° C. PTH samples were identified by 
reverse phase analytical separation on a Np 1090 column. 
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In order to obtain further amino acid sequence, the protein 
was digested with various proteolytic and chemical agents 
and then the peptides were purified by high performances 
liquid chromatography. Gelonin was found quite resistant to 
the exposure of trypsin (cleaves after aiginine and lysine 
residues) and acetyl trypsin (cleaves only after lysine 
residue). The protein was found resistant to as much as 5% 
(wAv) of the enzyme. The resistance of gelonin to the 
proteolytic enzyme trypsin is not due to a lack of trypsin 
cleavage sites, since gelonin contains 21 lysine and 12 
arginine residues. These results indicate that gelonin is 
perhaps a rigidly packed molecule which makes it inacces- 
sible to proteolytic enzymes. 

Since gelonin was found resistant to cleavage by pro- 
teolytic enzymes, chemical cleavage of the protein was 
examined. 

EXAMPLE 4 

CNBr Cleavage of Gelonin 

Gelonin prepared as in Example 1 was dissolved in 70% 
formic acid. A crystal of cyanogen bromide was added to the 
solution. After at least 18 hours the solution was applied to 
either a small column (0.15 cmx5 cm) reverse phase (J. T. 
Baker; 15 cm C-1B bonded phase Cat H 7191-02) or 
analytical (4.6x100 mm) reversed phase column. A gradient 
elation of 1 to 70% n propanol with 1% TFA in water 
produce 5 peaks as shown on FIG. 6. Each of the peaks were 
sequenced and also used for further digestion by enzymes to 
piece together the entire sequence. Peak 1 was sequenced 
directly and gave a sequence starting with a Phe (F) that ran 30 
for 38 residues and ending with a Qu (E). This sequence 
was confirmed by mass spectroscopy and Lysc digestions of 
this isolated peptide. Peak 2 was sequenced directly and 
gave a sequence starting with a Val (V) that ran for 47 cy and 
was not interruptable after the ala at cy 47. Peak 3 was 35 
sequenced and gave the same sequence as peak 2. SDS gels 
of peaks 2 and 3 as well as Lysc digestion of peaks 2 and 3 
showed mat peak 3 contained the C-terminal CNBr peptide 
as welL Subsequent trypsin digestion of gelonin produced a 
peptide that connected these two CNBr peptide sequences. 40 
This trypsin peptide when sequenced gave the sequence 
TSGAN GMFSEAVELER. Peak 4 and 5 both gave the 
N^ermmal sequence GLDT .... This was used for some 
digestion by Lysc, '/a, to give peptides from its C-teiminal 
end. 

45 

EXAMPLES 
Enzymatic Digestion of CNBr Cleaved Gelonin 

Samples of whole protein or CNBr fragments were 50 
digested with Lysyl endopeptidase (Wako Chemical Dallas, 
Tex.) in 0.1% SDS 100 mmTris pH 8.0 or Staphylococcus 
Aureus Protease (Pierce) in.1% SDS or Trypsin (Sigma) in 
0.1% Tween 20. Digestion mixtures were separated by 
HPLC and collected peptides were sequenced on the proto- 55 
type sequence use gas-phase Edman sequencing methods. 

EXAMPLE 6 
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in Example 3. FIG. 1 shows the amino acid sequence of 
gelonin. Gelonin contains a total of approximately 258 
amino add residues. The DNA sequence was deduced from 
this amino acid sequence. The degenerate DNA sequence is 
shown on FIG. 2. Those skilled in the art will recognize that 
fragments and derivatives of either the gelonin amino acid 
sequence or the DNA sequence coding for gelonin may 
inhibit cellular protein synthesis but not bind to a cell surface 
receptor. 

The invention now being fully described, it will be 
apparent to one of ordinary skill in the ait that many changes 
and modifications can be made thereto without departing 
from the spirit or scope of the invention as set forth below. 

What is claimed as new and is desired to be covered under 
Letters Patent is: 

1. Substantially pure gelonin toxin having the amino acid 
sequence: 



10 



GlyLcuAspThrValScrPheScrThiLys 



GfyAIaX!xT>rSelMyrVEUsnPbc 



20 
"30 



I^uAsnGluI^.^ValLysLeuLysPro ; 

40 

GhiGlyAsnScrHisGIylkProLeLLeu 

50 

ArgLysGlyAspAspProGlyLysCyfiPhe 
60 

ValL^VfllAhlxaiScrAsnAspAsnOl^ 
CSnLeuAlaG luIlcAlallcAfipVarriir 

80 

ScrVanyValValGlyTyrGlnValArg 

90 

AsnArgSctTyrPbePheLysAspAlaPro 

100 

AspAhAlaTyiGhlGlyLeuPheLysAsa 
110 

Thrfl rT.y sAsnProLe uLeuPheGlyGly 

120 

LytOlirArgUuHisPhcGlyGlySeiTV 

130 

ProScriLeuGhiGlyGluLysAiaTVEAig 

140 

GluTh^AspLeuGlylleGhiPtTDLcu 

150 

AxsBeOlyrieLysLysLeiiA^GluAsa 
160 

AlaEcAspAsnTyrLysProThiGlijIlc 

J 70 

AlaSerScrLcuLeuValVailleGlnMet 

180 

ValSetGluAlaAlaArgPiKHuPbcIIe 

190 

GluAsiKJlnllcAjcgAsiLAsnHicGlnGln 
200 

AiglkArgProAlaAfinAsnThrlleSer 

210 

LeuGIuAsnLy sTrpGlyLysLcuScrF he 

220 

GlnHeAigThrSciGlyAlaAsaGlyMtt 

230 

PhcScrGluAlaVftlGluLcuGluA^gAIa 

240 

AsnGfyLysLysTytTyrValThrAlaVal 

250 

AspGInValLysProLysIlcAlaLcuLcu 

260 

LysPheValAfipLysAspProGhi 



Amino Acid Sequence of Gelonin 



or a fragment or derivative thereof, said fragment or deriva- 
60 tives or having an activity which inhibits cellular protein 
A total of 258 amino acid residue sequences were synthesis but does not hind to a cell surface receptor, 
obtained following analysis of the CNBr fragments obtained 2. A DNA sequence of the formula: 



GGNYTNGAYA CNGTNWSNTT YWSNACNAAR GGNGCNACNT AYATHACNTA YGTNAAYTTY 
YTNAAYGARY TKMGNGTNAA KYTNAARCCN GARGGNAAYW SNCAYGGNAT HCCNYTNYTN 
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-continued 



MGNAARGGNG 


AYGAYCCNGG 




NAAKTGYTTY 


GTNYTNGTNG 


CNYTNWSNAA 




YGAYAAYGGN 


180 


CARYTNGCNG 


ARATHGCNAX 




HGAYGTNACN 


WSNGTNTAYG 


TNGTNGGNTA 




YCARGTNMGN 


240 


AAYMGNWSNT 


AYTTYTTYAA 




RGAYGCNCCN 


GAYGCNGCNT 


AYGARGGNYT 




NTTYAARAAY 


300 


ACNATHAARA 


AYCCNYTNYr 




NTTYGGNGGN 


AARACNMGNY 


TNCAYTTYGG 




NGGNWSNTAY 


360 


CCNWSNYTNG 


ARGGNGARAA 




RGCNTAYMGN 


GARACNACNG 


AYYTNGGNAT 




HGARCCNYTN 


420 


MGNAIHGGNA 


THAARAARYT 




NGAYGARAAY 


GCNATHGAYA 


AYTAYAARCC 




NACNGARATH 


480 


GCNWSNWSNY 


'rNYTNGTNGT 




NAIHCARATG 


GTNWSNGARG 


CNGCNMGNTT 




YACNTTYATH 


540 


GARAAYCARA 


THMGNAAYAA 




YITYCARCAR 


MGNATHMGNC 


CNGCNAAYAA 




YACNATHWSN 


600 


YTNGARAAYA 


AKTGGGGNAA 




RYINWSNTIY 


CARATHMGNA 


CNWSNGGNGC 




NAAYGGNATG 


660 


TTYWSNGARG 


CNGTNGARYT 




NGARMGNGCN 


AAYGGNAARA 


ARTAYTAYGT 




NACNGCNGTN 


720 


GAYCARGTNA 


ARCCNAARAT 




HGCNYTNYTN 


AARTTYGTNG 


AYAARGAYCC 




NGAR 


774 


wherein 


R 


= Aor G 


K - G orT 




N 


= any 








Y 


= CorT 


M=AorC 




S = 


= CorG 








B 


= C, G, or T 


V = A f C,orG 




w 


= Aor T 








D 


= A,G, orT 


H = A,C;orT 




X 


= unknown 





or a fragment or derivative thereof, said fragment or deriva- activity which inhibits cellular protein synthesis but does not 
tive coding for gelonin or for a polypeptide having an ^ind to a ceU surface receptor. 
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CERTIFICATE OF CORRECTION 

5,631,348 Page 1 of 5 

MAY 20, 1997 
Michael G. Rosenblum 



It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 



In Figure 1, amino acid residue number 41, "S", 
should read --R-. 

In Figure 2A, amino acid residue number 41, "Ser", 
should read — Arg--, 

In Figure 2A, nucleotides 121-122, "WS", should 

read ~MG~. 

In Figure 3, amino acid residue number 41 within 
the sequence "L—SKG" should read -L-RKG-. 

In Column 1, line 34, "Bib/, Res, Modif" should read 
-Biol. Res. Modif.--. 

In Column 1, line 41, "Br, Med? should read ~5r. 

Med.-. 

In Column 1, line 50, "62:93-117. Vitetta" should 
read -62:93-117; Vitetta-, 

In Column 1, line 50, 7mm«n. Rev" should read 
—Immuno, Rev.—. 

In Column 1, line 51, "Immun, Rev, 92" should read 
—Immun. Rev. 62--. 
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MAY 20, 1997 

Michael G. Rosenblum 



It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: y 



In Column 3, line 60, "staphlococcal" should read 
—Staphylococcal--. 

In Column 4, line 6, "fragmants" should read 

—fragments--. 

In Column 4, line 9, "fragmants" should read 

--fragments--. 

p ♦ » u u In C ° 1Umn 4 > Mne U ' "Staphylococcus Aureus 
Protease should read -Staphylococcus aureus protease-. 

In Column 4, Unel8, "cleaveges. The" should read 
-cleavages, the-. 

ln Column 4 > l^e 32, "NaCl,mm EDTA" should read 
-NaCl, 1 mm EDTA-. 

In Column 4, line 35, "colulmn" should read 

—column—. 

In Column 4, line 37, "cleavege" should read 

--cleavage--. 

, f . 1x1 Column 4 > linc 57, "sequences, demonstrated" 

should read —sequences demonstrated-. 

10 Column 4, line 62, "Licquorice" should read 

—Liquorice—. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. :5, 631,348 Page 4 of 5 

DATEO :MAY 20, 1997 

INVENTOR(S) : Michael C- Rosenblum 

It is certified that error appears in the above-identified patent and that said Letter Patent is hereby 
corrected as shown below: 

In Column 5, line 46, "Gelonim" should read 

—Gelonium--. 

„. , „ ^ Co,umn 5 > Unc 48 . Biol, ChenT should read -7 

Biol. Chem.--. 

In Column 5, line 61, "multiflorurrT should read 

--multiforum--. 

In Column 6, line 20, "chromotography" should read 
--chromatography—. 

In Column 6, line 40, "5mMATP, 1 mMGTP 5 0 
mMTns-HCr ^ould read -5 mM ATP, 1 mM GTP, 50 mM Tris-HCl~. 

In Column 7, line 3, "performances" should read 

—performance--. 

In Column 7, line 25, "reversed" should read 

--reverse--. 

In Column 7, line 27, "produce" should read 

--produced—. 

In Column 7, line 35, "interruptable after the ala" 
should read —interruptible after the Ala—. 

In Column 7, line 52, "100 ramTris" should read 

-100 mM Tris-. 
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